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THEY WHO LOOK AHEAD 


The time will come when thou shalt lift thine eyes 
To watch a long drawn battle in the skies, 
While aged peasants, too amazed for words, 
Stare at the Flying Fleets of wond’rous birds. 
England, so long Mistress of the Sea, 
Where wind and waves confess her sovereignty, 
Her ancient triumphs yet on high shall bear, 
And reign, the Sovereign of the conquered air. 
Gray’s Luna Habitalis 1737 
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(DETAILS ON REQUEST) 


PRICE : 
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without METALASTIK 


Nature has always known how to grow muscles out of the main bone structure 
It is true that she does not use metal and rubber, but the advantages gained 
are exactly the same as from the Metalastik rubber-to-metal weld. 


Who could imagine a bird built up like a Meccano outfit, or a ballet dancer 
with buffer springs and the backlash from a hundred Hooke'’s joints ? 


Hitherto, nature alone has held the secret of ‘natural’ flexibility, but to-day 
mechanical engineering is broadening in its scope, by reason of this new 
flexible construction brought about by the scientific use of rubber, natura! 
or synthetic, in conjunction with any of the metals commonly in use. 


Instead of rubber looped on as ‘a tension member, or sandwiched in as a 
buffer, rubber to-day can be integral—for all practical purposes—with the 
metal parts with which it is designed, yet with pre-determined resilience. 
The scope in design is limitless, because rubber has three quite different 
moduli ; in compression, in tension and in shear ; and we at Metalastik can 
control the movements of a part so that the elastic characteristics of 
constraint are different, not only against bodily translation, but also against 
rotation in every plane. 


The illustrations at the side show :— 


1. The cross-type mounting for instru- 
ments, embodying an overload device, made 
in an extensive range. 

2. Metalastik rubber-to-metal welded bush. 
Rubber gives elasticity in compression, 
tension, linear or torsional shear, separ- 
ately or in combination. Increased load- 
capacity, rubber does not leave metal under 
heavy load. In wide range of sizes. 


5. The Z.V.S. flexible coupling element , 
alternate blocks bolted to driving and driven 
flanges respectively. This permits angular 
and axial disalignment ; cushioned drive 
with emergency positive engagement. For 
powers from 1/15 H.P. to many thousand 
H.P. 


6. Where high-duty designs are needed 
with low weight, Metalastik gives outstand- 


3. The simplest type of instrument mount- 
ing, virtually a stud with a rubber ‘middle.’ 
4. Another simple type of Low Frequency 
mounting for instruments, etc. 


Our technical resources are at your disposal 
Metalastik Ltd., 


ing results. This small unit is an elastic 
mounting for an aero engine, all metal parts 
are of Duralumin, to which the Metalastik 
rubber-to-metal weld is as efficient as to 
steel, etc. 
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SUPREME FOR OCEAN TRAVEL - THE BRITISH FLYING BOAT 


THE 
ROUTE 


For purely overland air services the landplane is the natural choice. But where 
any considerable proportion of the route is over water the flying boat is the 
better proposition. It is certainly at no disadvantage in all-round performance, 
but offers greater flexibility in operation. Both require proper base facilities, 
but the flying boat has its runways provided by Nature. And most of the 


world’s long distance air routes are in fact largely over water. 
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THE SOCIETY’S PRIZES 


The Society offers a number of valuable prizes, most of 


them annually. Full particulars of the conditions attaching 


to the awards of these prizes may be obtained on application 


Society’s Gold Medal 

This is the highest honour which the 
Society can confer for work of an outstand- 
ing or fundamental nature in aeronautics. 


British Gold Medal for Aeronautics 

The British Gold Medal for Aeronautics 
is awarded for an achievement leading to 
advancement in aeronautical science. 


Simms Gold Medal 

The Simms Gold Medal is 
annually for the best paper read in any year 
before the Society on any science allied to 
aeronautics, e.g., meteorology, wireless tele- 


awarded 


graphy, instruments. 


The George Taylor (of Australia) Gold 
Medal 

The Taylor Gold Medal 

annually, at the discretion of the Council, for 

the most valuable paper submitted or read 
during the previous session. 


is awarded 


Wakefield Gold Medal 

The Wakefield Gold Medal is awarded 
annually to the designer of any invention 
or apparatus tending towards safety in flying, 
and is open to members or non-members. 


Society’s Silver Medal 

The Society’s Silver Medal is awarded, at 
the discretion of the Council, for some 
advance in aeronautical design. 


xi 


British Silver Medal for Aeronautics 

The British Silver Medal for Aeronautics 
is awarded for an achievement leading to 
advancement in aeronautical science. 


Society’s Bronze Medal 

The Society’s Bronze Medal is awarded, 
at the discretion of the Council, under the 
same conditions as those for the Silver Medal, 
but for some less important advance in aero- 
nautical design. 


Wilbur Wright Memorial Premium 

The Wilbur Wright Memorial Lecture is 
held annually, a premium of fifty pounds 
being awarded to the lecturer invited by the 
Council to deliver the lecture. The lecture 
is usually given alternately by an American 
and an Englishman, and is the most impor- 
tant aeronautical lecture of the year. It is 
delivered whenever possible, on the last 
Thursday in May of each year. 


British Empire Lecture 

The Council of the Royal Aeronautical 
Society have completed the arrangements for 
the founding of a British Empire Lecture. 

The lecture, on any aeronautical subject 
approved by the Council, will be delivered 
annually in September in London, by a 
lecturer, chosen in alternate years from the 
British Dominions and Colonies and Great 
Britain. 

The Council, by founding this British 


THE 


Empire Lecture, are anxious to encourage 
new ideas and new points of view from all 
parts of the British Empire, and to make the 
Lecture second only in importance to the 
Wilbur Wright Memorial Lecture. 

The British Empire Lecture will have a 
premium of £50 attached to it, and in the 
case of lecturers coming from the Dominions 
and Colonies an allowance up to £100 will 
be paid towards the Lecturer’s expenses. 

It is proposed to hold the first lecture in 
September, 1945, suggestions for 
lecturers should be received by May 31st, 
1945, at the latest. 


R.38 Memorial Prize 

The R.38 Memorial Prize is _ offered 
annually for the best paper received by the 
Society on some subject of a technical nature 
in the science of aeronautics, preference being 
given to papers which relate to airships. The 
prize is twenty-five guineas. 


The Herbert Akroyd Stuart Lectures 

Under the will of the late Mr. Herbert 
Akroyd Stuart a sum of £700 is held in trust 
by the Society for the offer of a prize every 
two years, for the best paper or lecture read 
or given before the Society dealing with the 
Origin and Development of Heavy-oil Aero 
Engines. The prize is open to members and 
non-members. 


Edward Busk Memorial Prize 
The Edward Busk Memorial 
offered annually for the best paper received 
by the Society on some subject of a technical 
nature in connection with aeroplanes (includ- 
ing seaplanes). Its value is twenty guineas. 


Prize is 


Pilcher Memorial Prize 

The Pilcher Memorial Prize is offered 
annually, at the discretion of the Council, 
for the best paper by a Student on heavier- 


SOCIETY’S 


PRIZES 


than-air craft or any analogous subject. Its 
value is five guineas. 


Usborne Prize 

The Usborne Prize is offered annually, at 
the discretion of the Council, for the best 
paper by a Student on some subject in con- 
nection with Aero Engines. Its value is five 
guineas, 


Major Baden-Powell Memorial Prize 

The Major Baden-Powell Memorial Prize 
is awarded in May and December of each 
year to the student who is considered the 
best student by the examiners in the Society’s 
Association Fellowship examinations. Its 
value is three guineas. 


Elliott Memorial Prize 

The Elliott Memorial Prize is awarded 
twice yearly to the apprentice at Halton who 
has the highest percentage of marks in the 
passing-out examination. Its value is 2} 
guineas for each award. 


R. P. Alston Memorial Prize 


The R. P. Alston Memorial Prize is 
awarded to any Graduate or Student of the 
Society for work done leading to improve- 
ment in the safety of aircraft, and particularly 
for improvement in stability and control. Its 
value is approximately £5. 


Branch Prize 

The Council offer an annual prize of 
twenty guineas for the best paper read 
before the Branches during the previous 
lecture Session. The prize is open to any 
member of the Society or of any Branch. 


Journal Premium Awards 


The Council has set aside an annual sum 
of £250 to be given as premium awards to 
authors of papers published in the Journal. 
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Kingston Road, Portsmouth. 
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Election of Members 
Associate Fellows 

David Charles Appleyard (from Student), 
Joseph Dover Atkinson, Kenneth MacDonald 
Beaumont, Harold William Bennett, Clarence 
Henry Cumberland, Rowland Burnstan, 
Francis Joseph Delves (from Associate), 
Stanislaw Dudzinski, Sidney Vernon Fagg, 
Wladyslaw Fiszdon, Tormod Olaf Fjaerem 
(from Associate), Howard Poulsom Forder, 
Walter Eric French, Donald Gardiner, 
Maurice Lawson Hall (from Graduate), 
Donald Henderson, Wesley Hill, Harry 
Geoffrey Hopkins, Leonard Maxwell Hos- 
kins, Albert William Hotson, Ernest Leslie 
Howard-Williams, Francis Albert Kappey, 
Francis Lentel, John Leslie Longden (from 


100 


Student), William Austyn Mair, Eric Mens- 
forth, Walter Frederick Mountney, Ernest 
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Kenneth Cecil Slowman, Guy Thornton 
Smith, Gustave Souchotinsky, Peter Henry 
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ter Robert Stirling, Sidney Michael Taylor, 
Geoffrey Swan Cabat Vautier, Frank Malcolm 
Warner, David John Weeks, Ernest Bertram 
Weston, Ernest Wilks, Peter James Windi- 
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Companions 
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Smith. 


Associate Fellowship Examination Results 
The following candidates were successful 
in the Associate Fellowship Examinations 
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Theory of Machines, Design (Aero Engines), 
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Machines, Design (Aero Engines) (Baden- 
Powell Memorial Prize); Kennedy, G. A., 
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Engines); Lubell, D. S., Applied Mathe- 
matics; MacDonald, A. J., Applied Mathe- 
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Pure Mathematics; Pickett, V. C., Applied 
Mathematics; Rider, G. H., Pure Mathe- 
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THE ROYAL AERONAUTICAL SOCIETY 


by 
F. J. TURTON, B.Se., A.R.C.S. 


On the solution of the numerical 


SIMULTANEOUS EQUATIONS 


arising in the analysis 


OF REDUNDANT STRUCTURES 


F. J. Turton took his B.Sc. with honours at London University in 1914, and served in | 

the Royal Navy, 1915-1919. Following his demobilisation he became a lecturer in © 

mathematics at the City and Guilds College. He has written numerous papers on 

structural problems which have been published in the Philosophical Magazine and 
the Journal of the Society. 


1. The application of strain energy or 
slope-deflection methods in the analysis of 
redundant structures leads to a number of 
simultaneous linear equations with numerical 
coefficients; the equations may be obtained 
in such order that each successive equation 
contains one new unknown, until all the 
unknowns are so included. This is the only 
condition essential for the method to be 
described in the present paper, but the labour 
is much reduced in slope-deflection and 
strain energy applications by the fact that 
most (or all) of the equations contain very 
few of the unknowns. The method to be 
given reduces the solving of these equations 
to a column of successive evaluations, 
followed by the solution, by algebraic 
methods, of a small number of simultaneous 
equations; and a final column of evaluations. 
In the remaining paragraphs a number of 
problems are examined to show how the 
equations may be obtained in_ suitable 
sequence for the method to apply. Following 
an application to the determination of 
secondary stresses, the operations involved in 
the moment-distribution method and in this 
method are compared. A numerical example 
is worked out in the simple case of §2, and 
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it is shown how any order of mathematical 
accuracy in the roots may be ensured, pro- 
vided that sufficient figures have been 
retained to permit that accuracy. 


A B C D 


A B C D 


Fig. 1 


2. Fig. 1 represents a structure which is 


statically determinate except for the | 
redundant diagonal braces, which, for the | 


application of Castigliano’s Theorem of mini- 
mum strain energy, are replaced by pairs of 


forces A, B, C and D as in the figure. Then | 


if U, is the total strain energy of the | 


structure, including the redundant bars 
(which are assumed to have no initial lack 
of fit), we have 0U,/0A=0, 0U,/0B=0, etc. 
Now the force diagram for the two forces 
A, A alone involves only that rectangular 
panel, along the diagonal of which the forces 
A, A act; U, will contain six terms contain- 
ing A (for four sides and two diagonals of 
the rectangle); one of these will contain B 
also (for the right-hand bar). Thus 
dU,,/04 =0 gives an equation in A and B 
only. Similarly the six terms containing 5 
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will include one containing A (for the left- 
hand bar of the rectangle along the diagonal 
of which B, B act) and one containing C 
(for the right-hand bar). Hence 0U,/0B=0 
gives an equation in A, B and C only. 
Similarly 0U,/0C=0 gives an equation in 
B, C and D only and 0U,/0D=0 one in 
C and D only. 


Fig. 2 

In Fig. 2 there is one redundancy in 
addition to the diagonal bracing; this we take 
as A, avoiding the panel across which the 
diagonal of which B acts; we get equations 
in A and B, A, B and C, B, C and D, and in 
Cand D, just as in the frame of Fig. 1. 

The equations will be of the following 
form, the x’s being numbers 


(1) 
14,4 +4,B+4,C—«,=0 (2) 
+ aC (3) 
—2,,=0 (4) 


Use (1), (2) and (3) to put B, C and D 
in succession into terms of A, say 


B=2,,+6,,4 (it) 
C=¢,,+%,,4 (2.1) 
D=%1y + (3.1) 


Substituting in (4) from (2.1) and (3.1) 
gives, say 
(4.1) 


from which A can be found. 


If no rounding-off has been done at any 
stage, the exact value of A now substituted 
in (1) finds B, thence (2) finds B, thence 
(3) finds D. Finally, the values so found 
substituted in the left-hand side of (4) would 
give exactly zero and confirm all the values. 

But in practice rounding-off is almost 
inevitable. Suppose therefore that A is 
rounded to A’ and on substitution, (1), (2) 
and (3) in turn give B’, C’ and D’. 
Further, let A’=A+a, B/=B+b, C'=C+c, 
D'=D+d, A, B, C and D being the exact 
roots and a, b, c and d the errors. Then 
when 4’ is put in (1) to find B’ we have 

1.€., 
4,(A+a)+2,(B+b)—2,=0 
in which 
4,4+4,B—1,=0 


so that 
4,4+%,b=0 (1.2) 
Similarly from (2) 
(2.2) 
and from (3) 
+4,¢+%,,d=0 (3.2) 


These equations are exactly analogous to 
(1), (2) and (3), except that they lack the 


independent terms; hence by analogy b=+,,a, 


c=2,,a, and d=zx,,a;"in applications, these 
equations can be written down immediately 
following (1.1), (2.1) and (3.1). From 
these equations the effect of any proposed 
rounding-off in 4 can be seen; conversely, the 
rounding may be adjusted so that all the roots 
will be found to a specified accuracy, pro- 
vided sufficient significant figures have been 
retained in the successive evaluations (1.1), 
(2.1), (3.1) to permit that accuracy. 

Finally, if the values 4’, B’, C’ and D’ are 
substituted in (4), the left-hand side is not 
likely to be exactly zero; suppose it is X. 
Then 

or 
in which 
+4,,D—4,,=0 
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therefore 
@,.C+4,,d=A. 

Now by analogy with (4) and (4.1), if 


becomes 
— 
then 
+ ho fl. 
Hence 


%.,a=A and a=A/z,,. 
‘““a’’ should be less than half a unit in the 
place to which A was rounded-off to give A’ 
and if so the whole of the values are reliable 
to the pre-determined accuracy. In practice 
when the coefficients in (1.1), (2.1) and 
(3.1) are worked out to a considerable num- 
ber of significant figures, the value of A/z,, 


will approximate very closely indeed to 
A'—A. 
2a. We illustrate the method by a 
numerical example:—- 
Suppose 
644 + 15B —7568=0 (1) 
154 +56B + 138C —5572=0 (2) 
13B + 48C + 11D —3528=0 (3) 
11¢ + 60D —8190=0 (4) 
then 


155 =7568—64A and 
B=504.5333 — 4.2666674 (2.1) 
13C =5572—56 (504.5333 — 4.266667A) 
A = — 22681.86 + 223.93344 and 
C= —1744.759 + 17.225644 (2.1) 
11D = 3528 — 13 (504.5333 — 4.2666674 ) 
48 (—1744.759 + 17.225644 ) 
= 80717.50 —771.3640A and 
D =7337.954 — 70.124014 
Substituting in (4) 
11 ( — 1744.759 + 17.22564.1) 
+60 (7337.954 — 70.124011) —8190=0 
e., 412894.85 --4017.9591=0 (4.1) 
hence A = 102.7623. 
Further, b=(—4.26...)a, c=(17.22.. .)a 
and d=(-—70.12...)a. If A’ is taken as 
102.762 the greatest error in any root will be 
d and will be of magnitude (70.12...) 
(0.0003 . . .), i.e., less than 0.03; if taken as 
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102.76 the greatest error will be (70.12. .) 
(0.0023 ...), i.e., less than 0.2. 

Taking A’=102.76, then 15B’=7568 
— 6576.64=991.36 and B’=66.09; 13C’ 
= 5572 — 1541.4 —3701.04=329.56 and C’ 
=25.35; 11D’ = 3528 — 859.17 — 1216.80 
= 1452.03 and D’/=132.00. Finally, 13C’ 
+60D’—8190 = 278.85 + 7920.00 — 8190 
=8.85 and by analogy with (4.1) 
— 4017.959a=8.85, giving a= —0.0022 ... 
whilst A4’— A= —0.0023. Hence the values 
found are reliable, no error exceeding 0.2. 
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Fig. 3 
3. For the frame of Fig. 3 assume redun- 

dancies .1, B, C, etc., as in the fig. Then 
oU,/091 =0 gives an equation in A, B and D 
only, 0U/,/0B=0 one in 4, B, C and E only, 
and so on, the equations containing in 
succession B, C and F; A, D, E and G; 
B.D, F aaa fF and D;, G, a 
and L; FE, G, H, K and M; F, H, K and N; 
G, Land M; H, L, M and N; and K, M and 
NX. From the first nine, we can express 
D, FE, ...N in turn in terms of A, B and C. 
Substituting for G, H, K, L, M and N in 
terms of A, B and C in the last three 
equations, we get three simultaneous equa- 
tions to find A, B and C, say, 

B,A +P,C—B,=0 

7:4 —y,=0 

§,4+6,B+6,C—6,=0 
These will be solved by any algebraic or 
numerical method. The values so found will, 
in practice, no doubt have to be rounded-off 
to, say, A’, B’ and C’. Exactly as in §2 
equations can be written down by analogy 
giving d, e, f, etc., in terms of a, b and c and 
the rounding can be arranged to ensure any 
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desired accuracy in the values of D’, EF’... 
N’ found by substituting A’, B’, C’ and the 
others as they become available, in the first 
nine of the original equations. When the 
rounded values G’, H’, Kk’, L’, M’ and N’ are 
substituted in the last three equations, the 
left-hand sides will not be exactly zero, but 
will be, say, A,, A,, A, respectively. Then 
by analogy with the above equations in 4, 
B and C we have 

Yob +y,¢=A, 

§,a+6,b+6,c=A, 
From these a, b and c may be found and 
should be negligible to the standard of 
approximation used in rounding A, B and C 
to A’, B’ and C’ respectively; and if so, the 
values found are reliable. 


Fig. 4 


4. For the diagonally braced “‘ ring ’’ of 
Fig. 4, there three redundancies in 
addition to one from each counterbrace. 
P, P, O, O, R, R, S and S are taken as 
acting on the rest of the ring in drawing their 
force-diagrams so that the forces in the 
members will, in general, contain P, COR 
and S$. But the forces due to the two A’s 
alone will not go outside the panel involving 
4. Thus dU7,/04 =0 will contain only P, Q, 
R, S, A and B, 0U,/0B=0 only P, O, R, S, 


are 
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A, Band C, dU,/aC=0 only P, Q, R, S, B, 
C and D, and soon. Thus all the unknowns 
can be expressed in terms of P, QO, R, S and 
A and five equations will have to be solved 


by algebraic methods. Four of these 
will come from 0U,/#P=0, 


dU,/OS=0, the remaining one 
from the last panel. 

5. Application to the determination of 
secondary stresses in framed structures. The 
foregoing method also applies to the slope- 
deflection equations for the determination of 
secondary stresses in that type of framework 
which has rigid joints and is such that, if the 
rigid joints are replaced by pinned joints, a 
simply-rigid frame results, for which a force 
diagram can be 

that the 
bending of the members which takes place 
when the nodes of the stiff-jointed framework 


drawn. 
may assume without serious error 
secondary stresses are due to the 


are forced into the position which the nodes 
of the pin-jointed framework would have 
taken up under the external load system. 
The latter can be found without difficulty by 
means of the Williot-Mohr deflection dia- 
gram.’ (Pippard and Baker, ‘‘ Analysis of 
Engineering Structures,’’ p. 219.) 

If a number of bars meet at H (which it 
will be convenient to call the hub), 6,, 4,, 
etc., are the angles of rotation (clockwise) at 
H, A, etc., 1,,, the second moment, /,,, the 


‘ 
fangent at 


Fig. 5 
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length, of the bar HA and similarly for the 
other bars, FE Young’s modulus, 4, the 
deflection at A, relative to H, perpendicular 
to 114A, clockwise positive, and similariy for 
the other points, we have 

(ET (264 + 6,—384/ly,)=0 (18) 
the summation extending over all the bars 
meeting at H. (See Fig. 5.) 

The construction of the force-diagram for 
a simply-rigid frame usually depends on our 
being able to proceed from pin to pin, so that 
only two unknown forces are met at each pin 
in turn. Thus in the frame of Fig. 6 at 


A the unknowns are the forces in 4B and AC 


B BC BD 
C CD CE 
D DE DF 
E EF EG 
G GF GH 
F FH FK 
H HK HL 
K ss KL KM 
L LM LN 


As we proceed from point to point, one new 
letter occurs at each step, viz., C, D, E, F, 
G, H, K, L, M and N in turn. 

Similarly in applying equation (13) with 
6,, 03, O, etc., as the angles of rotation at 
A, B, C, etc., with 


A as hub, an equation 


results in the angles at A, B, C 

C A. B.C, 

H, K, L, M, N 


Step by step one new letter, i.e., one new 
unknown angle, appears exactly as the 
additional letter appears in the pinned 
structure. Hence we can express 6,, 9p, 95, 
etc., in succession in terms of 6, and 6, only; 
finally with hub at M and at N we get a pair 
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of simultaneous equations to find @, and 6,, 
which will probably have to be rounded-off 
to 6’, and 6/,. 

If now we substitute in turn in the 
equations derived from (13) without simpli- 
fication (i.e., before the coefficients of 6,, are 
added) we find 6’, 6’,, etc., in succession 
and at the same time the values of the end 
moments may be written down, since the 
typical term in (13) is the end moment at 
H for the member HA. The last two 
equations, dealt with in the same way to 


complete the list of end moments, can be — 


used to make the process self-checking, as 
noted in section 3. 

5a. Comparison with the moment-distri- 
bution method. In the moment-distribution 
method, to distribute a couple M at a joint 
with r members, in proportion to the values 
of //1 for the members, requires one division 
of M by XIJ/l and r multiplications of the 
quotient by /,/1,, J./l,, etc. 

In the present method, when applying 
(13) at the same joint, we have, when finding 
6., Op, etc., in terms of 6, and @, (r+1) 
variables in the equation, involving 3r pro- 
ducts and 3 quotients; when finding 6’., 6’5, 
etc., and the end moments simultaneously as 
recommended, 2r or less products and one 
quotient. There are also two linear simul- 
taneous equations to be solved for 6, and 6, 
and two for a and b to make the method 
self-checking. 

In each method a number of sums require 
evaluation, a comparatively minor matter; 
in the distribution method there are also 
many divisions by 2, to find the clamping 
moment at one end of a member due to a 
couple applied at the other. 

It may further be noted that if F is the 
same for all the members, we may regard 
E6,, E6,, etc., as the unknowns; if F/ is the 
same for all members, E/6,, E16,, etc., may 
be taken as unknowns; if all the values of! 
are sub-multiples of one, A say (as in Fig. 6, 
where if the longer members are of length, 
i, the shorter ones are of length A/ / 2), then 
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6,/A, O,/A, etc., are convenient unknowns, 
and £:6,/X, E@,/A, etc., if in addition EF is 
the same for all members; if F//1 is the same 
for all members, then E/6,/1, E16,/1, etc., 
are suitable unknowns; if all the values of 
EI/l are simple multiples of some one value 
(EI/1),, then (E//!),0,, (EI/1),6,, etc., are 


Fig. 6 


suitable unknowns. Thus any simplification 
of the distribution of the moments in the 
moment-distribution method corresponds to a 
simplification of the coefficients in the 
equations in the present method. 

It seems fair to suggest that the present 
method will involve less labour than five 
cycles of the moment-distribution method; 
further, it has the important advantage that 
it is self-checking; in the moment-distribution 
method it is necessary to repeat the calcu- 
lation to ensure the absence of numerical 
errors. 


6. Application to the equations for the 
rigidly jointed frame in a frame building. 
In the analysis of a plane frame consisting 
of s lines of vertical stanchions, rigidly fixed 
at the base, and rigidly connected by r 
horizontal beams, there are on the usual 
assumptions and where there is not symmetry 
of both load and frame about some vertical 
line, unknowns. These may be 
taken to be (i) the angle of rotation at each 
joint, common to all the members at that 
joint: there are rs of these; and (ii) the sway 
of each line of beams relative to the beam 
below; of these there are r. 


The slope-deflection method provides 


r(s+1) equations to find these unknowns. 

If 4, H and B (to the right) are con- 
secutive joints on a beam and C, H and D 
(upward) are consecutive joints on a column 
(Fig. 7), 0,, 9, etc., the angles of rotation 
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(clockwise) at A, B, etc., I,, the second 
moment, /,,, the length, and w,,, the uniform 
load-intensity respectively for the beam AH, 
and similarly for the other beams and 
columns, ,,A, the sway of D relative to H 
(to the right), «A, the sway of H relative 
to C (to the right), E Young’s modulus, 
B=2EI/1, y=6F1/l?, and if we neglect the 
dimensions of the beams and 
columns, we have 
+ + + +2 (Bust Bou 
+ Bout Bou) YeureSu You 
+ (wl?) — (ol?) ,,/12=0 (14) 
(Pippard and Baker, “‘ Analysis of Engineer- 
ing Structures,’ p. 193.) A small modifi- 
cation will allow if necessary for the 
transverse dimensions of the beams and 
columns; terms for concentrated loads and 
wind loads may also be included. 
(a) If the frame and the loading are 
symmetrical about a vertical line. 


transverse 


= 


0. 


Fig. 7 


In this case all the A’s will be zero. The 
unknowns are then the rs angles only and 
the above equation can be applied rs times 
with every joint in turn as ‘‘ H ’’; it will be 
convenient to call H the hub. When the 
109 
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hub is on either outer column or on the 
uppermost or lowest beams there will, except 
at corners where there are but three, be only 
four angles. Elsewhere there are five. Thus 
the problem requires the solution of rs 
simultaneous linear equations, but each 
equation contains only 3, 4 or 5 unknowns. 

It will be found that it is possible to 
express all the angles in succession in terms 
of the angles either on the left-hand stanchion 
or on the left-hand half of the lowest beam; 
one will choose whichever is the less; e.g., 
for any one of the four frames of Fig. 8, in 
terms of the angles at A, B and C; for apply- 
ing (14) with hub at 4, the equation resulting 
contains the angles at A, B and D only; with 
hub at B, the angles at C and E are also 
included and so on in succession with hub at 
C,D...N the equations are exactly similar 
to those in section 3. Three equations arise at 
the end to find @,, 6,, 6, and from them the 
rounded values 6’,, @’,, 6’,. If the remain- 
ing angles are worked out from the unsimpli- 
fied forms of (14), the end moments can be 
obtained at the same time by simple addition 
of the appropriate terms; thus the end 
moment at H for the bar AH is the sum of 
those terms with suffix 4H; further, if the 
last three equations be dealt with similarly 
(and necessarily so dealt with to find the end 
moments, but not to find the angles) to find 
values of X,, A, and A, these may be used to 
find a, b and c and the method is self- 
checking. 

It will be realised that increasing the 
number of stanchions with a given number 
of floors, or increasing the number of floors 
with a given number of stanchions, increases 
the successive-evaluation steps in direct pro- 
portion to their number, but gives no 
addition to the number of simultaneous 
equations to be solved by algebraic methods. 

(b) If the structure and/or the loading is 
not symmetrical. In this case there will be 
y equations in addition to the rs equations of 
the type quoted, (14). 

If £ and U are consecutive points on a 
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stanchion (upwards), /,,- the second moment 


of the stanchion LU, h its length, 6, and 6, 
the angles of rotation (clockwise) at L and U 
respectively, and ,A,, the sway (to the right) 
of the floor U relative to the floor L, then 


(9, + Oy) — 2 =0 (15) 
where the summations extend to all the 
stanchions in the storey. 

It will now be possible to express all the 
angles in terms of the angles on the left-hand 


stanchion or on the lowest beam, plus the 


y A’s, and the number of simultaneous 
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equations to be solved at the end will be 
double the number of storeys or the number 
of storeys, plus the number of stanchions in 
a storey, whichever is the less. 

7. If the diagonal braces in Fig. 2 are of 
wire and the other members are bars or tubes, 
so that the elastic constant for a brace is a 
large multiple of that for a bar, we get a set 
of equations for which the foregoing method 
is not advisable. Thus if the panels are 
square and the elastic constant for each wire 
is nine times that of each longitudinal or 
transversal, the equations become 

404 + B=e, 

A+40B+C=e, 

B+40C + D=e, 

C+40D =e, 
where the e’s depend on the external loads. 
Thus there is one large coefficient in each 
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equation, for successive unknowns in suc- 
cessive equations. Such a set of equations 
is very suitable for solution by iteration. 
Starting with 


Be,/40, C=e,/40, De,/40 


successive approximate values are calculated 


in turn for 4, B, C, D, A, B, and so on, 
using new values as soon as they become 
available. After a very few cycles, the same 
values, to the three or four significant figures 
required by engineers, will be found in suc- 
cessive operations, which proves them to be 
the correct values. 
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SOCIETY 


GRAPHICS 


of 


WORLD AVIATION 


by 
A. J. Dilloway 


A, J. Dilloway has been, since 1935, on the Staff of the Geographical 


Section, General Staff, War Office. 


This section is responsible for 


the production of all the special maps and charts required by the 


Air Ministry. 


He has carried out researches on the theory of 


cartography, particularly for long distance navigation and a paper 


by him was published in the Journal in 1942. 


O claim that communications have 
unified our world is by now to voice a 
truism. Within the span of a generation 
we have thrust headlong into an age of 
transition and readjustment, the definitive 
trend of which is towards a_ world-wide 
mobility of goods, ideas, and the citizens 
who produce them. The role of the air route 
in this process is no longer a matter of 
dispute, and it is clear that the time has 
come to consider certain technical questions 
which underlie any detailed scheme for a 
truly international network of airways. 
Now whether we think in terms of 
geography or of navigation, our view of this 
new environment finds practical expression 
in a world of two dimensions. But whereas 
in the past our graphical planning dealt very 
largely in terms of “‘ straight lines ’’ on the 
flattish earth of a regional scale of opera- 
tions, the planning and navigating of world 
airways requires a greatly expanded tech- 
nique for the accurate expression in two 
dimensions of concepts of distance, direction 
and position on the spheroidal surface of the 
earth. In this paper, therefore, we have to 
discuss the means available to provide a 
graphical basis for the planning and opera- 
tion of a system of air highways on a world 
scale. Although the main outlines of the 
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subject are founded on _ well-established 
cartographic theory, much of the material 
now presented is described for the first time, 
In many respects, the present study supple- 
ments and extends a systematic theoretical 
treatment of great circle problems already 
attempted in an earlier paper.! 


General Considerations 


Any forward-looking discussion of the 
graphics of air navigation has first to take 
account of certain basic facts or assumptions 
which follow from the present levels of tech- 
nical achievement on the one hand, and of 
world organisation on the other. As a pre- 
liminary to dealing with such facts, it is 
necessary to remember that some enthusiasts 
see in the latest developments, which cannot 
yet be discussed, a virtual abolition of the 
old navigation, and a corresponding lessen- 
ing of the dependence on the air chart as an 
essential part of the navigator’s equipment. 
At present it is fairly safe to assume that 
in the immediate future most of the funda- 
mental needs and methods will remain largely 
unaffected. When one remembers the wide 
range of conditions on potential routes, this 
viewpoint would seem to be well justified. 


1A. J. Dilloway: Cartographic Solution of Great 
Circle Problems, Jour. Roy. Aer. Soc., Vol. 
46, 1942, pp. 4-31. 
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First, then, among the basic facts to be 
considered is that of a continuing increase, 
by previous civil standards, in the speed, 
range and size of aircraft, and in practicable 
altitudes for flight. These considerations are 
certain to initiate a growing demand for 
operational maps covering wider ranges on 
smaller scales, and with a tendency towards 
route maps as opposed to regional sheet-lines. 
This latter trend will be supported by the 
introduction of technical aids like radio- 
location and television, and may possibly 
encourage the adaptation of such strip maps 
to devices based on optical projection. 

The prospect of increases in speed, range 
and altitude is leading also to the emergence 
of a very real, if somewhat over-optimistic, 
attempt at a world outlook, and has brought 
about an insistent demand for special plan- 
ning maps to facilitate the study and 
measurement of great circle relations. The 
first rush of ‘‘ paper planning ’’ has already 
been countered by more sober estimates of 
an effective initial performance for great 
circle flying somewhere in the region of 
2000 miles at 200-plus miles per hour. It 
is salutary to remember certain other facts 
which, at the present stage of development, 
serve to temper an unrestrained enthusiasm 
for the great circle. First among these may 
be mentioned difficulties of terrain and of 
meteorological conditions. Much more de- 
tailed knowledge of weather conditions— 
and particularly of wind velocities at various 
altitudes—is needed before the route requir- 
ing the least expenditure of time and energy 
can easily be laid down. Great circle dis- 
tance is only one of the factors determining 
the length of a journey by air,’ and recent 
observations of cloud movements suggest 


*For a general treatment of air-route problems 
from the geographical aspect, see the dis- 
cussion, The Geography of Post-War Air 
Routes, Geog. Jour., Vol. 103, 1944, pp. 89- 
100; and for a magnificently exhaustive 


treatment from the technological standpoint, 
see E. P. Warner: Post-War Transport Air- 
craft, Jour. 
pp. 186-254. 


Vol, 47, 1948, 
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that, even at high altitudes, conditions are 
by no means as stable as is often supposed. 
With these facts in mind the comparatively 
small advantage of the great circle as com- 
pared with the loxodrome is seen in a new 
light. Perhaps this advantage is further 
offset by considering the practical importance 
of those existing routes which link up estab- 
lished centres of population.” Finally, and 
as an index of the absolute importance of the 
great circle as a traffic artery, we have to 
remember that the actual volume of such 
trafic is limited, though perhaps to a 
decreasing extent, by the high cost of the 
increased speed of transit, measured in terms 
of energy consumption, when compared with 
those of other methods of transportation. 
Nevertheless, the possibilities of new methods 
of propulsion alone are sufficient to show the 
future importance of routes approximating 
to the great circle. 

The two-fold character of civil flying has 
next to be borne in mind. A network of 
carefully prepared air highways, carrying 
both passengers and freight and tending 
where possible to follow great circle routes 
across the world, will be contrasted with a 
greatly increased activity in both public and 


* private short-range air travel in every direc- 


tion. This last consideration points to the 


.need for comprehensive series of regional 


air charts designed to meet a wide variety 
of requirements. 


Finally, the question of the co-ordination 
of all this activity leads to the vital 
concept of a super-national commission for 
the development of world transport, and 
underlines the fact (long since recognised in 
theory) that such a series of charts should 
be planned and constructed as a whole, and 
to a standard pattern. This, of course, 
implies an international scheme and_ links 
up with the obvious need for a world syn- 
thesis and control of the various technical 


’ Feeder routes branching north and south from 
the main great circle routes may of course 
help to cancel out this criticism. 
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resources required for an_ all-embracing 
system of airways. 

So much for general considerations of 
aeronautics and politics. The conclusion 
emerges that three main needs have to be 


satisfied. In addition to an appraisal of the 
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The Basic Variables of Map Projection 


This introductory section is a condensed 
summary of certain fundamental ideas in 
cartography—particularly those of interest in 
the present context. It is included with a 


=——. SCALE FACTOR CONSTANT OF CON 


Fig. 


1:0 

0-9 

0-6 


Diagrammatic representation of zones of cylindrical, conical and polar zenithal projection. 


graphics of world geography, and of ways 
of providing for the accurate study and plan- 
ning of great circle relationships, we have 
to budget both for standard world series 
of navigational charts and for a series of 
strip charts to cover the more important 
routes. Finally, there is the need for such 
additional aids to long-distance navigation 
as can be provided. 
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view to completeness of treatment and with 
the further object of linking up the proper- 
ties of certain relatively new types of map 
with those already well-known to the navi- 
gator. The section could be ignored by the 
specialist, although Fig. 2 may be of interest. 

The need for alternative methods of pro- 
jection arises from the basic difficulty that 
the surface ef the earth, in common with 
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that of any other spheroid, cannot be 
developed, or expressed without distortion in 
a two-dimensional form. In the three main 
groups of map projections that can be 
distinguished, this limitation is partially 
overcome by methods which are equivalent 
to considering the surface of a model sphere, 
or ‘‘ reduced earth,’’ to be projected on to 
one of three types of developable surface— 
the cone, plane or cylinder. The second of 
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varying either the form of the developable 
surface, its relation to the surface of the 
sphere, or the position of the point from 
which the spherical surface is imagined to 
be projected on to the plane surface—that is, 
the point of projection. The first of these 
variables—the type of developable surface— 
will decide the general appearance of the 
network of meridians -and parallels. Fig. 1 
shows in a diagrammatic form the derivation 


Fig. 2 
GALL’S CYLINDRICAL STEREOGRAPHIC PROJECTION. 


(a) Normal projection with transverse network superimposed. 


See also the traces of the 


axes and standard small circles of the oblique projection. 


(b) The derivation of both maps is shown diagrammatically, the point of projection being 
assumed to move around the reduced earth. 


these types of surface may include both the 
simple plane and any compound assemblage 
of planes such as is found in the cube, 
dodecahedron, icosahedron or any other 
regular solid that can be circumscribed about 
the model earth. In this method of repre- 
senting the surface of the globe in two dimen- 
sions (for the use of a cone or cylinder is 
only an intermediate step towards this end) 
the resulting map picture may be varied by 


of three familiar types of projection—cylin- 
drical, conical and polar zenithal—which 
result from the use of the corresponding types 
of surface of reference. It may be observed 
that both plane and cylinder are merely 
extreme variants of the cone, the nature of 
which within these limits can be defined by 
the ratio between the angle at the apex of 
the cone (when developed) and four right 
angles. This relationship—known as _ the 
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constant of the cone—can obviously vary 


between 0 and 1, and is illustrated in the 
figure. 

The second variable—the relation of the 
surface of projection to that of the model 
sphere—possesses two components. — First, 
the plane, cylinder or cone may be tangent 
to the sphere at a point or along a great or 
small circle; or, alternatively, any of them 
may be imagined to intersect the surface of 
the sphere along small circles. Thus, in 
Fig. 1 the various planes of reference are 
supposed in each case to intersect the surface 
along parallels of latitude, shown dotted in 
the corresponding networks or graticules. 
Secondly, these relationships may obtain at 
the equator, at either pole, or at an inter- 
mediate latitude anywhere on the earth. 
While polar and equatorial cases remain the 
more common, oblique projections have 
become increasingly important during the 
last few years, and will be considered in 
greater detail below. 

Finally, we have as a third variable the 
point from which one surface is projected 
on to the other. This may be considered 
to vary between a position at the centre of 
the model sphere and one at an_ infinite 
distance from it. The nature of the scale 
distortion in the resulting map will vary 
accordingly. It should be emphasised that, 
with the exception of the constant of the 
cone, these concepts and relationships are 
of no practical value in the construction of 
maps, and are merely convenient ways of 
visualising the mathematical properties of 
some of the useful methods of representing 
the surface of the earth upon a sheet of 
paper. In any case, many projections have 
a mathematical basis which cannot properly 
be interpreted in this way. This of course is 
true of the two projections most familiar to 
the air navigator, of which is a 
projection in the geometrical sense. 


neither 


It may be worth while to consider very 
briefly certain basic properties of and resem- 
blances between the three classes of network 
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shown in Fig. 1. In the first place, each is 
ot a normal and familiar kind, i.e. the axes 
oi the cones and the cylinder of reference, 
and the centre of the plane of reference, are 
all coincident with the axis of the reduced 
earth. It follows that, for any single type 
of map, the scale value will be constant, 
though not necessarily true, along each 
parallel; while the variation of scale along 
the meridians is the same for every meridian 
of a given projection. Turning first to the 
cylindrical network, one may note the source 
of differences between the various members 
of the class. 
which the axis of the cylinder of reference 
coincides with that of the earth comprise, 
first, a series of straight, parallel and equi- 
distant meridians, always at their true 
distance apart at the equator—unless, as in 
the example shown, the spacing is reduced 
in order to preserve correct scale along two 
‘““ standard parallels.’’ Since the meridians 
are in all cases exactly similar, therefore, the 
differences between cylindrical projections 
depend entirely on the the 
orthogonal series of straight parallels of 
latitude. According to the purpose in view, 
the scale along the meridians can be stretched 
or compressed by varying (where the analogy 
is practicable) the position of the point of 
projection. It should be noted, however, 
that where the N.-S, stretching is arranged 
to give orthomorphism—that is, where the 
scale at every point is made the same along 
the meridian as along the parallel, giving 
theoretically ‘‘ true shape ’’—it is no longer 
possible to think in terms of optical projec- 
tion. In both cylindrical and conical pro- 
jections of this kind the graticule is rather 
to be considered as in the nature of a 
mathematically consistent transcription of 
the earth’s surface. 

Finally, cylindrical projections need not 
be confined to the equator as an axis of 
symmetry. Oblique (and transverse) projec- 


spacing of 


tions, based on a cylinder which may be in 
contact with the earth along any convenient 
great circle, should prove extremely impot- 
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tant as aids to long-distance flying along 
prescribed routes. 

The straight, radiating meridians of the 
conical network are also essentially similar 
for each projection, differing only in the 
angle included between them, which in a 
given case depends approximately on the 
true convergence between meridians on the 
earth at the middle latitude of the area to 
be mapped. The differences .-between the 
various conical projections have therefore 
to be obtained mainly by varying the 
distances between the concentric circular 
parallels and thereby stretching or compress- 
ing the scale along the meridians according 
to the properties required. Conical projec- 
tions are of great value for world air charts 
when they are constructed in the normal 
manner, with the imaginary ‘‘ secant ’’ cone 
of reference cutting the reduced earth along 
two standard parallels of latitude. Oblique, 
or even transverse projections are equally 
possible, and the former are of use in the 
mapping of areas where the configuration 
favours small circles of the earth as “‘ lines 
of strength ’’; but they would seem to have 
little relevance to air routes, unless it should 
happen that the general alignment of a route 
connecting a number of points of call 
approximates to a small circle. 

Zenithal projections are of great and 
increasing importance for navigation, par- 
ticularly as auxiliaries and for special pur- 
poses. The polar cases of certain zenithals, 
with their straight meridians radiating at the 
true longitude interval, lend themselves very 
easily to adaptation for trans-polar flying. 
Once again the differences between the 
various methods of projection are secured 
by varying the distances between the con- 
centric circular parallels, and thereby adjust- 
ing the scale along the meridians. In the 
example shown in Fig. 1 the scale is also 
reduced to give a standard parallel at latitude 
85°N. Although the more generally useful 
cases of zenithal projections—those centred 
at the equator or at an intermediate latitude 
—differ markedly in appearance from the 
polar case, they retain for the point chosen 
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as centre exactly the same properties, so far 
as scale distortion, true bearings and straight 
representation of great circles are concerned, 
as are preserved at the pole when this is 
made the centre of the map. This point is 
well shown in Fig. 12. Certain special uses 
of such oblique zenithal projections are con- 
sidered in detail below. 

These, then, are the simple variants from 
which the more generally useful kinds of map 
may be built up. Many new combinations 
have been devised quite recently, as aids in 
dealing with world problems of a new magni- 
tude and urgency. One such example offers 
a particularly good illustration of the use of 
various ideas brought out in this section. 
It offers also a good opportunity to illustrate 
a general principle governing the representa- 
tion of great circles on each of the types of 
map so far discussed. 

Suppose a projection to be required to 
show the world relationships of the Pacific 
area. As is brought out in Fig. 2a, this 
vast ocean trends approximately north-west 
to south-east, with its centre of gravity 
roughly in longitude 160°W. on the equator. 
Ignoring for the moment everything but the 
graticule, the figure is drawn on Gall’s Stereo- 
graphic’ projection, a cylindrical projection 
of the true geometrical or “‘ perspective ”’ 
type, derived as shown. The cylinder of 
reference intersects the reduced earth along 
two standard parallels (45° N. and S.), and 
the equator thus forms the main axis of the 
map. Suppose now the same cylinder of 
reference to be used, but to be tilted at an 
angle of 45°, so that the map is symmetrical 
about a great circle inclined at 45° to the 
plane of the equator. Further, suppose this 
great circle to intersect the equator in the 
centre of the Pacific, at longitude 160° W. 
Fig. 2b shows the map which will result. 
It should be noted that the cylinder has been 
assumed to encompass the earth one and a 
quarter times, with a consequent duplication 


‘The treatment of this question which follows 
is an extension of the author’s part in a 
discussion on the Map of the Pacific. See 
Geog. Jour., Vol 


100, 1942, pp. 65-72. 
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of Europe and Africa; and to cover only 
60° of angular distance north and south of 
the main axis (henceforth referred to as the 
generating axis). Along this axis, and per- 
pendicular to it, the properties of the map 
are exactly as before. The two standard 
parallels become small circles at an angular 
distance of 45° from the generating great 
circle, and remain straight lines. They are 
shown as pecked lines in the figure. The 
scale properties of the map are brought out 
by the graduation, at 5° intervals, of the 
two straight axes passing through the centre 
of the Pacific. The shorter is the great circle 
through San Francisco and Brisbane, and all 
lines parallel to it are also great circles, the 
variation of scale along each being exactly 
the same as along the meridians of the nor- 
mal projection (Fig. 2a). Lines parallel to 
the longer axis (also, of course, a great 
circle) are small circles with scale constant 
along each but incorrect, except along the 
two standards.’’ 

The projection of any other great circle 
on the map can be laid down with ease by 
making use of a principle that can be applied 
with equal facility to cylindrical, zenithal or 
conical projections. To determine on a globe 
the great circle joining two points, it would 
be possible to rotate the points about a 
diameter of the globe (keeping them in the 
same relation to each other) until they both 
fell on the same meridian. The section of 
meridian joining them would then be the 
trace of the great circle required.*° An 
equivalent operation can be carried out on 
any cylindrical map by constructing as a 
transparency the projection of a series of 
great circles passing through two nodes or 
poles, these poles being situated on the 
generating axis of the map, and 180° apart. 
Keeping the traces of this axis (on map and 
overlay) in coincidence, the transparency 
can be moved to bring any two points on 
the map on to a common great circle on the 


5 For a full treatment, see Dilloway, of. cit., 
Jour. Roy. Aer. Soc., 1942, 
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overlay. This latter will be the trace of the 
great circle course between the points. If 
now the projections of a series of orthogonal 
small circles are added to the overlay, we 
obtain what amounts to a transverse case 
of the projection, i.e. one in which the 
generating great circle of the cylinder passes 
through the poles of the model earth. A 
transverse system of this kind is shown 
superimposed on the normal projection in 
Fig. 2a. In effect it is the projection of a 
series of great circle courses, each with a 
series of intercepts giving a scale for the 
measurement of great circle distance. Com- 
bining these ideas with the properties of 
cylindrical projections already deduced, the 
following general conclusions may be drawn. 
First, a transverse network may be used in 
this way with any example of the same 
projection—normal, transverse or oblique— 
provided the scale along the generating great 
circle is always the same. Secondly, the 
method may be applied to any projection of 
the cylindrical class. 

This simple and accurate method of laying 
down courses is perhaps better known in its 
application to zenithal projections. the only 
difference being that, on the zenithal map, 
movement of the great circle overlay will 
take the form of a rotation about the point 
of tangency, or centre of projection. For 
the map this centre of projection may be 
chosen at any latitude: for the transparent 
overlay it must be a point on the equator, 
so that the two nodes of the system of great 
circles are sited on the circular edge of a 
hemisphere. Thus the overlay is really an 
equatorial case of the particular projection 
employed. 

When the method is applied to conical 
projections, the overlay becomes a transverse 
case of the projection, with the axis of the 
cone of reference coinciding, not with the 
polar axis of the earth, but with an axis 
passing through the equator. Again the 


overlay is rotated about a common centre, 
which this time will be the traces of the 
respective axes of the two cones of reference. 
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This sketch of the question of great circle 
representation completes the background of 
essentials needed to treat most of the carto- 
graphic problems posed by the new range 
of world flying, and leads conveniently into 
the main questions with which this paper 
has to deal. These may be summarised 
under the following heads: 

1. Graphical aids to the planning of 

world routes. 

2. Design of a world series of regional 

charts. 

3. Design of special route charts. 

4. Special aids in pre-flight determina- 

tions. 


. GRAPHICAL AIDS TO THE PLAN- 
NING OF WORLD ROUTES 


Under the stimulus of radio communica- 
tion and air travel, the measurement of 
world-wide relationships of distance and 
direction has become an important matter, 
and has given an entirely new slant to the 
hitherto ‘‘ intractable ’’ problem of the flat 
map. The uses for this purpose of many 
different methods of projection have been 
explored in an earlier paper in this journal.® 
If the objective in such a search had been 
merely a good visual impression of the globe, 
the list of projections there treated could 
have been multiplied many times over. 
Thus, from the wealth of entirely new 
systems of representation, it will suffice to 
mention the current vogue in world maps 
made by a _ construction equivalent to 
“peeling ’’ the earth from the pole like an 
orange, the segments of such peeled projec- 
tions being arranged in a variety of pleasing 
developments. If facilities for the accurate 
measurement of distance, direction and 
course have to be incorporated in such a 
world map, however, the choice is limited 
by a variety of practical considerations to 
certain members of the cylindrical and 
zenithal classes. j 

Perhaps the earliest and best known, but 


” 


Dilloway, op. cit. 
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not the most useful solution of this problem 
is that afforded by gnomonic projection from 
the centre of the sphere on to the faces of 
a circumscribed dodecahedron or 
icosahedron.’ The points of tangency of the 


cube, 


faces of these solids can be chosen to satisfy 
any required arrangement of terrain, while 
continuity along world routes is also possible, 
since faces can be ‘‘ developed’ in any 
order. When the cubic development is used 
the straight sections of any great circle can 
be continued across the various faces by the 
application of fairly simple rules, and the 
retention of the normal zenithal properties 
about the centre of each face allows the 
method of rotation to be applied to distance 
measurements in respect of each of the four 
sections of a continuous route. 3earings, 
however, will not remain true, and the dis- 
tortion at the edge of each face is an awk- 
ward handicap. Maurer® has varied the 
cubic development, using an assorted series 
of six rectangular planes or ‘‘ faces’’ in 
order to show particular configurations to 
the best advantage. Turning to the icosahe- 
dral development,’ this provides the greatest 
possible number (twenty) of regular poly- 
gonal faces, and thereby minimises distor- 
tion, but at the expense of the convenient 
protraction and measurement of great circles. 
Zenithal projections other than the gnomonic 
could clearly be treated in the same way, 
though without any particular advantage 
being gained. While the cubic development, 
then, may be of use for certain purposes, 
the value of icosahedral and other polygonal 
developments depends on their capacity to 


7 R. Buckminster Fuller has produced a_ gno- 
monic world map by dividing the surface of 
the sphere into fourteen segments formed by 
four intersecting great circles, and projecting 
these as eight equilateral triangles and six 
squares which can be combined in any order. 
See R. Buckminster Fuller: Fluid Geography, 
American Neptune, Vol, 4, 1944, pp. 119-136. 

8H. Maurer: Ebene Kugelbilder, 
Geog. Mitt., Erg. 221, 1935. 

* Irving Fisher: A World Map on a Regular 
Icosahedron by Gnomonic Projection, Geog. 
Rev., Vol. 33, 1943, pp. 605-619. 
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bridge the gap between the model globe and 
the flat map, and thus to provide a good 
general impression of the world. 

Another device for simplifying great circle 
measurements between any two points on 
the earth is an application of certain proper- 
ties of cylindrical projection in a manner 
already described. Mr. A. R. Hinks'" has 
constructed a series of oblique Mercator maps 


based on generating great circles chosen to 
give varied and useful representations of as 
large an area as can conveniently be covered 
by this projection. The series includes a 
transverse network with the parallels num- 


ine 


bered in thousands of kilometres. This is 
used for measurements of distance and track 
according to the method’ already described. 
No particular provision is made for the 
measurement of bearing, but the projection 
allows of approximate measurements within 
one half a degree or so. All maps are drawn 
to the same longitudinal scale, and are con- 


Mercator Projection, Geog. Jour., Vol, 95, 
1940, pp. 381-383; Map Projections and Sun 
Compasses—III. More World Maps on Oblique 
Mercator Projections, Geog. Jour., Vol. 97, 
1941, pp. 353-356; The 
Geography of Post-War Air Routes, pp. 93- 
95. 


and see also in 


OF WORLD AVIATION 


fined by the well-known limitations of the 
Mercator to an angular distance of some 70) 
degrees on each side of the main axis. This 
allows a cover of some 94 per cent. of the 
total surface. For the same reason, the 
traces of some of the great gircles will travel 
to infinity and back, and will therefore be 
incomplete. This does not affect the accuracy 
of the method, but it does necessitate a 
series of projections if the whole area, 
including the poles, is to be covered com- 
pletely. 

This last disadvantage is not shared by 
Mr. O. M. Miller’s use of the same _ princi- 


Fig. 3 
Geared stereographic hemispheres in polar projections (transparencies). 


ple.'! In this case a conventionally modified 
Mercator, not greatly different in appearance 
from Gall’s projection, is used to make a 
normal cylindrical map, thus allowing the 
poles to be included without extreme distor- 
tion. A world map of this type, together 
with a transverse grid for laying down great 
circles, has already been constructed for the 
U.S. Department of State at a scale of 
1:50,000,000. 

A notable disadvantage of all such devices 
based on cylindrical projection is the lack 


110. M. Miller: Notes on Cylindrical World Map 
Projections, Geog. Rev., Vol, 32, 1942, pp. 
424-430, 
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of provision for accurate and convenient 
measurement of bearing. This difficulty can 
largely be avoided by a method outlined by 
the present writer in the course of a dis- 
cussion on the Map of the Pacific,!? and 
here figured and described for the first time. 

The principle of the device is 
familiar, and can be applied to several pro- 
jections of the zenithal group. Its links with 
the stereographic extend over several cen- 
turies, examples being found on some of the 
astrolabes of the early navigators. The 
originality of the present method of use lies 
in its application to measurements over the 


very 
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advantages are gained by the second alter- 
native, since all routes through London 
become straight lines inclined at their true 
bearings, while the use of this centre gives 


an optimum arrangement of continental 
masses, and thus ensures a minimum of 
interruption. In either case the two hemi- 


spheres are constructed as transparencies, 
and these are placed tangentially so as to 
rotate about the respective centres. They 
should also be geared together, so that 
corresponding points on the edge of each will 
always coincide. These two transparencies 


rotate over the second component, a base 


Fig. 4 
Geared stereographic hemispheres centred on London and its antipodal point (transparencies). 


entire globe. The device consists, first, of 
two similar circular hemispheres drawn in 
stereographic projection, with their points of 
tangency at opposite ends of a diameter of 
the earth. For practical purposes these two 
centres are best situated as shown in Figs. 3 
and 4, either at the poles or on London and 
its antipodal point. The advantages of the 
frst of these alternatives are obvious— 
straight meridians and true relationships 
between important centres in the northern 
and southern hemispheres. Equally valuable 


2 Op. cit., 


pp. 68-69. 


consisting of a two-hemisphere grid of great 
circles and great circle distances (Fig. 5). 
It will be seen that this is really made up of 
two equatorial networks of the same projec- 
tion, drawn to the same scale and also placed 
tangentially. The trace of the great circle 
passing through any two points on the earth 
is determined at once by turning the trans- 
parent maps until the terminal points of the 
route lie on the same great circle curve on 
the base. As is shown diagrammatically in 
Fig. 3, this curve will also pass through the 
common point of tangency. Distances in 
either hemisphere are measured on the base 
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from this common point, and are added to 
give the total distance when parts of the 
route lie in both hemispheres. It is a pecu- 
liarity of stereographic projection that all 
circles, great or small, are projected on the 
map either as arcs of circles or as straight 
lines. Moreover, the angles included between 
such great circle arcs are in all cases truly 
shown. This means that bearings included 
between any route and the meridians through 
which it passes can be measured with com- 
plete accuracy by employing a simple device 
to define the tangents to the arcs at their 
points of intersection (Fig. 4). Although each 
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the method last described offers facilities for 
simple and accurate determination of all 
quantities needed to define any great circle 
route When the device is 
properly with the 
allowing very rapid alignment on the great 
circle, it would seem to provide quite com- 
fortably for the initial planning of world air 
routes. 


completely. 


constructed, gearing 


2. DESIGN OF A WORLD SERIES OF 
REGIONAL CHARTS 

In planning a series of air charts for 

general use, the more important considera- 


Fig. 5 
Basic grid of great circles and great-circle distances for use with geared 
stereographic hemispheres. 


set of hemispheres gives a complete world 
cover, it would be an advantage if the two 
versions could be used interchangeably with 
the same base, thus making available two (or 
more) orthomorphic representations of the 
world and allowing a choice of map accord- 
ing to the purpose in view. 

Thus, in spite of the great variety of 
ingenious world projections, very few are 
available for purposes of accurate measure- 
ment. While the cylindrical maps have 
the advantage of simplicity in use so far as 
continuity of representation is concerned, 
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tions bear on the nature of: 


i. The straight line course on the map. 

ii. Facilities for plotting positions by 
co-ordinates. 

ili. The representation of convergence. 

iv. The distribution of linear and angular 
distortion. 

v. The assemblage of sheets to give satis- 
factory world coverage, with over- 
laps. 


With these criteria in mind, it may be 
instructive briefly to review the various 
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solutions that have been or might be applied 


to this problem. 


The attempts so far made to produce a 
world series of regional air charts have relied 
almost entirely on two contrasting types of 
representation. The first, now very popular 
in the United States, is illustrated diagram- 
matically in Fig. 1. Bands of latitude, 
extending round the earth, are covered by 
overlapping zones of cylindrical, conical or 
zenithal orthomorphic projection respectively, 
the standard parallels of each so chosen as 
to confine within narrow 
limits, and to ensure that the great circle 
track is everywhere approximated by a 
straight line, which will be inclined to each 
meridian at roughly the true bearing. Such 
a system has many obvious advantages. It 
isadmirably adapted to give world coverage, 
since the entire series is continuous in longi- 
tude, while each zone can be subdivided into 
as many overlapping sheets as are required. 
Moreover, the breadth, or latitudinal extent 
of each zone, can be varied according to the 
scale and standard of accuracy required. 
Finally, the meridians are straight lines, and 
the orthomorphic networks provide for a 
direct-plotting system based on the great 
circle and needing no special correction. 
Such a system is particularly well suited to 
short- and medium-range navigation, in 
which map reading plays a major part. 

Schemes for a small-scale series on these 
lines are sufficiently numerous to offer a 
number of good examples. One of the 
earliest was the proposal of Driencourt and 
Laborde,'* who in 1932 suggested the use of 
Mercator’s projection up to latitude 15°, with 
zones of Lambert’s Conical Orthomorphic 
from 10°-40°, 30°-60° and 50°-80°, ending 
with polar stereographic maps from 75° to 
the pole. The scheme shown in Fig. 1 is 
intended for use with these same projections, 
and was worked out by a group of American 


scale variation 


“L. Driencourt and J. Laborde: Traité des Pro- 
jections des Cartes Géographiques (4 Vols.), 
Hermann, Paris, 1982. Air maps are treated 
in Vol. 2, 


pp. 97-105. 
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cartographers brought together by Lieut.- 
Commander P. V. H. Weems.'' A series of 
blank graticules was designed to cover the 
entire range of latitude at a mean scale of 
1:5,000,000, and to serve as a base from 
which quantities of distance, bearing and 
great circle track could be read without 
correction when terminal points had been 
plotted and joined by a straight line. 
Weems has given examples to show how 
closely straight line quantities taken from 
these four overlapping charts, and measured 
along distance scales based on the scale 
factors, approximate to the true values 
obtained by calculation. The use of Mercator 
(and, therefore, the rhumb line course) as 
far north or south as latitude 30° is justified 
by the insignificant advantages of the great 
circle below that latitude. These base charts 
are intended to be used by the marine navi- 
gator as adjuncts to the Mercator chart; 
and, if generally adopted, would mark a 
first step towards the greater flexibility 
associated with navigational technique in the 
air. 

The most notable example of a scheme 
of this kind is that now being carried 
through in the United States. The scale is . 
1: 1,000,000, and each of the zones of cylin- 
drical, conical and zenithal orthomorphic 
projection is subdivided, in latitude as well 
as in longitude, so as to provide a series 
giving a complete cover of the earth’s sur- 
face in many hundreds of sheets, each being 
surrounded, according to a novel system, 
with a complete cover of skeleton overlaps. 
This series is designed specifically for use in 
the air, and is one of the most ambitious 
tasks yet undertaken by the cartographer. 

At first sight it would appear that the 
advantages for air navigation of a series 
based on zones of orthomorphic projection, 
with straight meridians, closely fitting over- 
laps, minimised scale distortion and approxi- 
mately true representation of bearing, dis- 


14 V. H. Weems: Marine Navigation, D, Van 
Nostrand Co., New York, 1940, pp. 24-26, 
114-118, 
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outweigh any others that could be offered. 
To a very large extent this is true. But, 
while navigational technique depends at all 
on lines of position laid down during flight, 
the extent to which the air chart lends itself 
to the solution of such problems remains a 
major test of its usefulness. At the present 
time the only possible rival of the conical 
system is the cylindrical orthomorphic or 
Mercator; and debate on the merits of each 
for world mapping has continued, though 
with diminishing intensity, to produce valid 
arguments on both sides. The clear-cut 
gains of the conical system in uniformity of 
representation are set against the traditional 
simplicity of the rectangular orthomorphic 
graticule, with its ease of plotting and 
angular measurement, its perfect matching 
of sheet edges and overlaps, and the constant 
relationship it retains between great circle, 
rhumb line and iso-azimuth. All these 
properties are valuable in plotting position 
lines, as is the opportunity to reproduce 
mechanically the movement of small circles 
of equal altitude. On the other hand, that 
most famous attribute of the Mercator, the 
.rhumb line of constant bearing, is really a 
misnomer so far as the magnetic compass is 
concerned. 

There are two further points bearing on 
this question. One is the query as to how 
long and to what extent astro-navigation, 
on which Mercator’s usefulness largely 
depends, will continue in use alongside the 
new methods recently developed. At the 
present time we are passing through a stage 
of transition, when almost contradictory 
policies, in the matter of navigational train- 
ing and practice, are being pursued at the 
same time. The wide variety of flying con- 
ditions likely to exist for some time to come 
may be expected to continue this period of 
transition into the immediate future, and on 
this score alone will justify the continued 
production of Mercator charts. In any case, 
the demands made by the newer methods 
are such as to underline those very proper- 
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ties that have proved of value in the systems 
of projection already employed. 

The second point to be borne in mind 
concerns the false antithesis between con- 
verging and Tectangular meridians. As long 
ago as 1929, Admiral (then Captain) Tonta 
showed clearly, in the course of three 
papers,'’ how rectangular axes of measure- 
ment could be used on both polar and 
normal conical maps for purposes of navi- 
gation. It is unnecessary to anticipate the 
fuller treatment of this question given later, 
when some new approaches to the subject 
are explored in detail. It will suffice to 
observe here that the simplicity and con- 
venience of an uniform series of rectangular 
orthomorphic charts can be said to justify 
their continued use as adjuncts to any series 
of conical sheets, however designed. 

There are certain precedents for a world 
series of air charts on the Mercator system. 
Thus the proposals of the original Inter- 
national Commission for Air Navigation 
included two series on this projection. The 
basic map, on a scale of 1: 10,000,000, was 
intended to cover the earth in 16 sheets, with 
eight quarter sheets on the stereographic to 
cover the polar caps. Several sheets of the 
general map on the scale of 1:3,708,758 
(3 centimetres to 1° longitude at the equator) 
were actually produced according to an 
international scheme, but have long since 
gone out of print. 

More recently, the United States Hydro- 
graphic Office has produced a world series 
of charts for air navigation, in which a 
rather different use has been made of the 
Mercator network. While in the past each 
sheet has joined perfectly, the scale of each 


Tonta: Notes on Nautical Cartography 
Hydrogr. Rev., Vol. 6, No. 2, 1929, pp. 53- 
65. This paper was preceded by two others 
on the subject of polar navigation: A New 
Type of Polar Chart, Hydrogr. Rev., Vol. 5. 
No. 2, 1928, pp. 51-60; Notes and Tables on 
Polar Cartography, Hydrogr. Rev., Vol. 6 
No. 1, 1929, pp. 83-110. Tonta suggests the 
use of a transverse Mercator projection for 
polar navigation. 
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Graphical treatment of factors for scale and convergence. 


| 
é 
30° 
20°. 
10°, 
) 
| 
125 


band increasing with latitude, this new 
series is constructed to a constant scale of 
1: 2,188,800, or 30 nautical miles to the inch 
at the central parallel of each band, with a 
latitudinal range in each case of 15°. The 
extent of longitude included on each sheet 
is now variable, and obviously will increase 
with latitude. Such a system depends on 
the assumption that similarity of overlap is 
more important than a perfect fit; and, since 
Mercator co-ordinates are so easily plotted, 
there is a good deal to recommend this point 
of view. 


Fig. 7 

The derivation of curves of equal convergence 
(left), and of combined convergence and 
variation (right). 


With the exception of the air edition of 
the International 1:1,000,000 series on the 
modified Polyconic projection, the schemes 
so far devised for a world air map make use 
of orthomorphic projections of the cylin- 
drical, conical or zenithal types. It remains 
to ask whether any radical improvements 
can be effected in the fundamental design 
of such maps. Two kinds of answer present 


126 


GRAPHICS OF WORLD AVIATION 


themselves, and these will be dealt with jp 
such order as to preserve continuity of treat- 
ment. The first concerns the possibility of 
simplifying the measurement of bearings, 
and leads us to a field of study—the repre- 
sentation of convergence—as yet almost 
unexplored. Much of the remainder of this 
paper deals with different aspects of this 
subject, and the notes which follow will serve 
as a convenient introduction. The second 
possibility, the use of an unfamiliar conical 
projection, will be dealt with later. 


The Representation of Convergence 
Consider a projection in which every 
parallel of latitude is standard—that is, 
equal in length to the corresponding parallel 
on the reduced earth, and in radius to the 
radius of the tangent cone. All such parallels 
are equivalent in every way to the standard 
parallel of a simple or tangent conic projec- 
tion. The inclination of the meridians along 
such a parallel, relative to the central 
meridian, will depend on the true con- 
vergence on the earth’® at the corresponding 
latitude and difference of longitude. Points 
on each parallel representing constant changes 
of convergence can be plotted by determining 
the convergence factor for the parallel in 
question. This factor is similar to the con- 
stant of the cone (m), except that the latter 
applies to the whole range of a projection. 
It is the ratio between the angle of inclina- 
tion of two meridians at a given latitude on 
the earth and their corresponding inclination 
at the pole. Thus the factor -5 refers to 
latitude 30°, and implies that successive 
meridians 10° apart (say) will be inclined to 
one another at angles of 5°. Values of this 
factor for all latitudes on the earth can be 
taken from the graph (a sine curve) of 
Fig. 6, where they are expressed as degrees 
of convergence for each 10° of longitude. 
Through the points obtained by plotting in 


16 Best visualised as the difference between the 
bearings included by a great circle which 
intersects the two meridians at a_ given 
latitude. 
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terms of these factors along selected parallels, 
curves can now be drawn to represent lines 
of equal convergence, which on the map 
means lines of equal inclination of the 
meridians relative to the central meridian. 
All this is shown on the left side of Fig. 7, 
convergence factors being indicated at the 
edge for certain selected parallels. It is now 
possible to ignore the ever-changing direc- 
tion of the meridians, and to measure all 
bearings on the map from lines parallel to 
the central axis, applying such correction as 
is indicated by the curves to find the true 
bearing on the earth. For navigational 
purposes we can go still farther, and modify 
these curves so that they include an allow- 
ance for magnetic variation, thereby giving 
a true magnetic great circle bearing from a 
map bearing plus (or minus) a_ single 
correction. All this is brought out on the 
right-hand side of the figure, which shows 
also the method of deriving points on such 
modified curves from the intersections of 
isogonals and lines of equal convergence. 
So far the limitations of projection have 
not been considered. In actual fact, no 
projection exists which can combine the 
properties assumed in the above description. 
The only graticule giving any approach to 
them is that of the ordinary or American 
polyconic projection. At small scales, how- 
ever, the curved meridians do not intersect 
the parallels at right angles; and consequently 
it is not a tangent to the meridian, but a 
radius of the parallel, which gives the true 
angle of inclination to the central axis. There 
is a further limitation on the use of the 
polyconic. This method of measurement 
presupposes that all great circles are to be 
projected as straight lines. Although the 
polyconic makes a good showing in this 
respect within some few hundreds of miles 
of the central meridian, it shares with all 
other projections an inability to combine 
the requirement satisfactorily with accurate 
representation of convergence. In practice 


neither the simple polyconic, nor any of the 
modified members of the class, can be par- 
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ticularly recommended for this method of 
adaptation. The use of a fresh meridian of 
origin for each sheet would prove a source 
of unnecessary difficulty; and in fact the 
requirements of projection and sheet system 
at once suggest the use of a conical network. 

So far as the representation of convergence 
is concerned, conical projections differ in 
certain important respects from members of 
the polyconic group.’ The angle between 
any two meridians is constant for all lati- 
tudes and depends on the formula for , the 
constant of the cone. Thus if » equals -7, 
meridians 10° apart are inclined to one 
another at angles of 7°. In practice, the 
value of is such as to give a true repre- 
sentation of convergence along a_ parallel 
near the middle latitude of the sheet. This 
means that, unlike the example of the poly- 
conic projection, we have to distinguish 
between map convergence and true con- 
vergence on the earth. In the one sense a 
curve of equal convergence on a conical 
projection will be a straight line, 7.e. that 
meridian which includes a given angle with 
another meridian chosen as central. In the 
true sense, a line of equal convergence will 
be a curve which takes into account the 
varying convergence at different latitudes on 
the earth, as in the previous example. To 
study the relation between these two con- 
cepts we may pay some attention to curves 
of equal error of convergence on a conical 
projection (Fig. 8a). In this figure the value 
of n (:7) shows that each 10° meridian is 
inclined to the next at an angle of 7°. To 
draw lines of equal map convergence at 1° 
intervals we therefore divide every 10° of 
longitude into seven equal parts, the 
meridians so obtained representing 1° of 
convergence on the map. Curves of equal 
error can be drawn through points where 
the true convergence is a given number of 
degrees greater or less than the map con- 
vergence, reckoning a chosen meridian as 
central or 0° convergency. Thus the inter- 
section of longitude 10° (7° map convergence) 
with the parallel along which this meridian 
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subtends 8° of convergency on the earth, 
gives a point on the —1 curve. So far as 
great circles can be assumed to be straight 
lines on a conical map, the curves drawn 
through points arrived at in this way give 
some idea of the distribution of angular 
error on the projection.'’ 

The lines of equal true convergence on the 
earth (t.c.) may now be derived from these 
curves of equal error (e.e.) by noting where 
the latter cut the curves of equal map con- 
vergence (m.c.). Thus the intersection of 
ee.-1 with m.c. 9° gives a point on the 
curve 10° t.c. It will be found that these 
t.c. curves pass through exactly the same 
points as do those of the previous example 
(Fig. 7). In the same way as before they 
may be combined with isogonals, thus 
making possible a single correction from 
chart bearing to magnetic great circle bear- 
ing. This has been done in Fig. 8b, which 
is a conical chart of the North Atlantic with 
curves drawn for the epoch June, 1942. A 
rectangular system of false ‘‘ meridians ’’ 
and ‘‘ parallels ’’ is included, as well as a 
sample track along which the true great 
circle bearing varies from 101° to 128° 
(magnetic). 

At this point it is necessary to interpolate 
a note about Fig. 8c. The writer came to 
this subject of convergence through the 
study of polar projections suitable for navi- 
gation, and the foregoing outline shows how 
the approach was made. Some time later 
he came across Admiral Tonta’s pioneer 
work in the same field, and noted certain 
differences in treatment. Tonta based his 
final curves on meridians of equal map con- 
vergence, and does not distinguish between 
these and lines of true convergence. The 
curves in Fig. 8c cover part of the same 
area as those of Fig. 8b, and refer to the 
epoch June 1942 as before. The differences 
are due to the fact that they are constructed 


“Although they are ignored in practice, the 
angular errors inherent in a particular map 
introduce an additional factor into corrections 
for true bearing, 
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from lines of equal map convergence rather 
than from the t.c. curves used in Fig. 8b. 
Apart from the errors introduced by the 
second method, there is an important prac- 
tical reason for preferring the first. Only if 
the t.c. curves are used is it possible to avoid 
a discontinuity at the junction of two zones 
of conical projection based on different 
values of the constant ». Studied together, 
therefore, the three charts of Fig. 8 give a 
complete summary in graphical form of the 
practical problems of convergence on this 
type of map. 

It is now possible to see in a general way 
how curves of equal convergence could be 
applied to a series of navigational charts. 
Each sheet would carry false rectangular 
meridians, and might even carry an approxi- 
mate rectangular co-ordinate system broadly 
resembling the kilometric grid used on 
topographical sheets. Bearings would be 
measured from the false meridians, a single 
correction being applied to give ae great 
circle compass bearing, or the mean of two 
corrections to give a rhumb line compass 
bearing. This is the main purpose of the 
system, although the ordinary advantages 
of a grid—the possibility of using rectangular 
co-ordinates to determine distance, bearing 
and position, either on or off the sheet in 
use—might be made available, though at 
the cost of a far greater degree of approxima- 
tion than is allowed on gridded topographical 
maps. It should be pointed out that the 
normal graticule would remain on each 
sheet, and would continue to be used for 
many purposes. In transferring from one 
grid to another, for instance, its use would 
be essential. 


The application of the proposed rectangu- 
lar system to the sheet lines of an overlapping 
series of conical projections has not yet been 
worked out in detail. The limits of the 
‘“‘ grids ’’’ that would be required, together 
with the choice of sheet system, limiting 
scale factors and zones of projection, would 
have to be decided by international agree- 
ment, as would all questions of layout and 
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style. At the end of this section it will be 
possible to enumerate some of the main 
factors bearing on such a choice. To this 
end it will be helpful to consider the proper- 
ties of a projection not hitherto used for air 
maps. 


Murdoch’s Third Conical Projection 


The design of a world series of the kind 
proposed involves an assessment of the 
possible combinations of such variables as 
breadth of zone, scale factors and con- 
vergence factors on each of several zones, in 


- order that the most favourable choice can 


be made. Projections like the conical 
orthomorphic are not particularly helpful in 
this respect, since errors of scale vary in an 
irregular manner on different examples, and 
are not regularly disposed about a central 
parallel. This can be seen in Fig. 1, where, 
for example, a “ rolling ’’ fit has not been 
achieved between the corresponding parallels 
on adjacent zones. For its practical con- 
venience in this direction and because of its 
general excellence, it is advisable to glance 
at a projection not so far used for air maps. 

A conical projection first proposed by 
Murdoch in 1758—the third of a series sug- 
gested by him—has been derived quite 
independently on other occasions, and was 
resurrected by Young in 1920. In the 
course of a thorough analysis, Murdoch’s 
Third Projection is described by Young 
on the whole the very best of 
the Conical Class, better for all prac- 
tical purposes than the absolute Minimum 
Error... .’"'* It is perhaps surprising that 
to date only one map—the British Council 
Map of Europe and the Middle East, pro- 
duced by the Royal Geographical Society— 
has been drawn on this projection. Since 
the formula and properties are thoroughly 
discussed by Young and Hinks,’® it will 
suffice to note certain properties of particular 


18 E. Young: Some Investigations in the 
Theory of Map Projections (Technical Series 
No. 1), Royal Geographical Society, 1920, 
pp. 40-41. 
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value. The graticule is of the normal conica| 
type with two standard parallels, and with 
the meridians truly divided and the total 
area correctly preserved. Of particular 
interest is the fact that the scale errors along 


the extreme parallels are equal and depend | 
only on the breadth of the zone. This means | 


that all zones, provided they extend over the 
same range of latitude, will have the same 


scale value along the extreme parallels, | 
sheets so constructed having a rolling fit | 
along the boundaries of the zones. From | 


the formule for the scale factors the author 
has constructed two scales giving respectively 
values along the extreme and central parallels 
corresponding to any breadth of zone up to 
90°. These are shown in Fig. 6. The con- 
stant is given by the sine of the latitude of 


the mid-parallel multiplied by a factor giving | 


a slight correction. This factor also may 


be taken from a scale included in Fig. 6, | 


again in terms of the breadth of zone 
required. It has the effect of moving the 
parallel of true convergence slightly away 
from the mid-parallel and towards the 
nearer pole. This new latitude can be read 
from the graph, entering it with the new 
value of the constant n. 


Notes on the Design of a World Series 


1. Any series giving a complete cover can 
best be built up from zones of cylindrical 
and polar zenithal, conical and polar zeni- 
thal, or a combination of all three types of 
projection. Any of these combinations can 
be made to give a series of sheets that is 
consistently orthomorphic or equidistant in 
character. 

2. The zones can be so arranged that scale 
factors are the same along the edges of each, 
giving a rolling fit between sheets on different 
projections. This may be particularly useful 
on small scales, since straight-line courses 
can be drawn through common points of 
tangency on two adjacent sheets so as to 


19 A. R. Hinks (in Map Projections and Sua 
Compasses) —V. Murdoch’s Third Projection. 
Geog. Jour., Vol. 97, 1941, pp. 358-62. 
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connect stations plotted on different projec- 
tions. Even if the entire range is covered 
by cylindrical and polar zenithal maps, this 
rolling fit can still be of value. In the 
orthomorphic version it has been. pointed 
out?’ that Mercator and stereographic maps 
meet in latitude 36° 52’ 12”, the scale 
factors on each showing an enlargement of 
exactly 25 per cent. 

3. In all cases these straight-line courses 
approximate closely to great circles.2* On 
the polar orthomorphic chart the difference 
between the straight line and the arc of a 
true great circle is of no significance in prac- 
tice. A full analysis, with formule, is given 
by Tonta.** Within reasonable distances of 
the pole similar arguments apply in the case 
of the zenithal equidistant map, for which 
the total scale errors can be made a mini- 
mum by introducing a standard parallel. 


The properties of the conical orthomorphic: 
_ are well known, while Murdoch’s projection 


is practically equivalent to the absolute 
minimum-error representation so far as scale 
is concerned. As with the polar charts, the 
cylindrical projections differ relatively little 
near the equator, and the equidistant map 
is actually superior in its overall approxima- 
tion to true scale. The difference in length, 
bearing and departure between great circle 
and rhumb line is unimportant below latitude 
15° or so (see also point 6 below). An 
analysis of the difference between short 
lengths of these two courses on conical pro- 
jections is also available.** 

4. If the rectangular system of false 


aL. Tonta, op. cit., Vol. 6, No. 1, 1929, pp. 
88-89. 

*1 This statement is intended to cover ranges of 
latitude up to some 15° from the central 
parallel. 

*2L. Tonta, op. cit., Vol. 6, No. 1, 1929, pp. 
90-94. 

°°. Tonta, op. cit., Vol. 6, No. 2, 1929, pp. 
60-62. With reference to this question of 
loxodromi¢ distance, the present writer has 
constructed a scale giving rhumb-line dis- 
tances in statute miles from arguments of 
bearing (between 15° and 74°) and difference 
of latitude, 
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meridians is to be incorporated in a world 
series, the choice of a suitable value for the 
factor ” (6, -7, etc., according to latitude, 
or a close approximation thereto) is of some 
importance, and the mid-latitudes of the 
conical zones should be chosen with this 
point in mind. Quite apart from any 
question of lines of equal map convergence, 
the value of m will determine the angle 
between false meridians on sheets adjacent 
in longitude. 1f the scale is, say, 1:2M. or 
smaller, each sheet (in longitude) might 
carry its own rectangular system, and it 
would be convenient to arrange sheet lines 
so that the two central meridians are inclined 
to one another at a suitable angle. Thus, if 
each sheet has a longitudinal range of 20° 
and the value of x is -6, the two sets of false 
meridians will be inclined at an angle of 12°. 
5. The junction between conical and polar 
projections need present no great difficulty, 
since the central meridians of the former 
would be inclined to the meridian of origin 
of the polar system of curves at the angles 
indicated by successive longitude values; 
for on the polar maps the constant m has 
become unity, and meridians are inclined at 
their true difference of longitude. This holds 
good only if the whole polar area is covered 
in one or two sheets and lines of equal map 
convergence are used as a basis for the 
curves. In many cases it will probably be 
better to proceed as follows. Considering 
each column of sheets based on a central 
meridian, construct the appropriate sector of 
the polar map as a rectangular sheet extend- 
ing at least to the pole. This will ensure 
good overlaps for trans-polar routes and will 
make possible an uniform treatment of the 
curves giving correction to true bearing. 
6. Similarly, a junction with a cylindrical 
zone would produce no difficulty near the 
equator; for the curves would be shown in 
the usual way on the cylindrical map and 
would be drawn in respect of a “‘ central 
meridian ’’’ as before. The effect of the 
correction would still be to give an approxi- 
mation to the magnetic great circle bearing. 
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7. This discussion brings out the import- 
ance of basing the correction curves on lines 
of true convergence, so that continuity is 
maintained throughout the various zones. 

8. In order to retain a desirable overlap 
between sheets, it might be convenient to 
use the graticule limits as the true boundary 
of each sheet, at the same time enclosing 
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are both of less importance than the equalisa- 
tion of the scale factors. 

10. Cylindrical and polar zenithal maps 
can be constructed with standard parallels 
or with true scale at pole and equator. If 
standard parallels are used on orthomorphic 
maps of these types, the meridian scale is 
reduced in the same ratio as the parallel 
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Approximate graphical method for selection of zones to give complete cover. 


the whole area in an outer border defined 
by the rectangular system. The distinction 
between the two could be indicated by com- 
pleting the resulting overlaps in outline only, 
as on another well-known series. 

9. The choice of standard parallels, and 
the position of the junction between zones, 
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scale in each case; but if the equidistant 
projections are used, the meridian scalé of 
the cylindrical map will remain true, while 
that of the polar map will be reduced. In 
Murdoch’s projection the meridian scale will 
remain true along the entire length of the 
conical zone. 
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A rough preliminary estimate of the possi- 
bilities for any proposed arrangement of 
projections and zones can best be made by 
preparing a diagram like that of Fig. 9. It 
consists of a number of graphs of scale 
factors, each covering a wide range of lati- 
tude. Polar orthomorphic and equidistant 
curves are shown (parallel scale for latter) 
and a parallel scale suitable for all cylin- 
drical projections. The diagram in_ its 
present form is made possible by the prac- 
tical convenience of the Murdoch network; 
and graphs have been included for both 
central and limiting scale factors, and for a 
wide range of breadths of the conical zone. 
If these various scales are drawn on trans- 
parent paper, they can be moved about 
until any desired combination of conditions 
is satisfied. Thus a selected value for x 
may be combined with various breadths of 
zone or with a variety of ranges in scale 
factors; and so on. 

The layout of sheets shown in the figure 
is chosen as a simple example of the possi- 
bilities. More complicated schemes could 
of course be treated in exactly the same way. 


3. GREAT CIRCLE ROUTE CHARTS 


With certain modifications, we may expect 
the long-distance route chart of the imme- 
diate future to follow the general lines of the 
remarkable series produced in 1932 by Louis 
Kahn, the projection being an _ oblique 
Mercator and the scale 1:10,000,000.** In 
nearly every case such route charts will 
presumably be drawn on an oblique cylin- 
drical projection, in which the cylinder of 
reference is assumed either to be tangent to 
the sphere along the great circle route or to 
intersect it along small circles (straight lines) 
parallel to and equidistant from the great 


*t Apparently Kahn’s system was first outlined in 
a note presented at a meeting of the Academy 
of Sciences, Paris, on Feb. 20th, 1928, and 
recorded in Publication No. 8. See also L. 
Kahn: Sur Une Extension de la Projection 
de Mercator: Les Nouvelles Cartes Aériennes. 


Académie de Marine, Communications et 
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circle on the ‘map. In the simpler case the 
scale will be uniformly true along the great 
circle, and uniform also, but enlarged as 
the secant of the angular distance (4) from 
the centre, along all parallel small circles. 
The degree of enlargement is the same for all 
cylindrical projections, and its range is 
shown in Fig, 6. Along great circles 
(straight lines) at right angles to the route 
the scale may be true (simple cylindrical), 
reduced as cos @ (equal-area), or enlarged as 
sec 6 (orthomorphic or oblique Mercator). 

The second type of case includes the 
oblique cylindrical stereographic map shown 
in Fig. 2, where two small circles of true 
scale are used, the central great circle 
between them being reduced to less than 
true scale. The breadth of zone may be 
chosen to limit the maximum scale error 
along the edges to the same value (though 
of opposite sign) as that along the central 
route.*° 

Strip maps of this kind, constructed along 
a chosen great circle, would require only a 
limited range on each side of the route. For 
such ranges there is comparatively little 
difference between the simple cylindrical, the 
cylindrical orthomorphic, or any of an 
infinite number of compromise solutions 
between these standard types. All are at 
their best near the great circle of tangency. 

A route chart on the oblique Mercator 
projection for the great circle between 
London and Melbourne is shown in Fig. 10a. 
The chart extends to an angular distance of 
25° on each side of the route. These oblique 
cylindrical maps differ from various other 
available types (conical, polyconic, etc.) in 
that they preserve an equally high standard 
of representation for any selected great circle, 
this being accomplished at the expense of the 
meridians and parallels, which (at very small 


25 For a good example of this type of map in 
cylindrical projection, see Sir C. 
Arden-Close (in Map Projections and Sun 
Compasses)—I. An Oblique Rectangular 
Cylindrical Projection, Geog. Jour., Vol. 97, 
1941, pp. 349-50. 
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scales) become complex curves. It is here 
that the advantages of curves giving the 
correction from map bearing to true bearing 
is most clearly demonstrated. The method 
as described above for conical projections 
can be applied to cylindrical strip charts in 
almost exactly the same way as before. It 
may be an advantage to give the correction 
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In addition, it will be necessary to take into 
account the angle between the meridian of 
the stariing point and the direction of zero 
chart bearing, as here they are no longer | 
identical. 
What are the possible alternatives to the 
use of oblique cylindrical projections for 
long range strip charts? Fig. 8c gives a 


b 
Fig 10 

(a) Great-circle route London-Melbourne in oblique Mercator projection. 

(b) Rhumb-line route London-Melbourne on Poole’s Modified Mercator projection. 


Scaie: 


from map bearing to true bearing in such a 
way as to use the direction of the route as 
zero map bearing. As is seen in Fig. 8c, 
this implies using two sets of values—one 
for the direction of the forward route, and 
one for a journey in the opposite direction. 
This method of numbering the curves is 
illustrated on the edges of the figure, and 
its relation to the normal system is at once 
apparent. On these oblique cylindrical 
projections the curves are constructed as 
before from lines of equal magnetic variation 
and lines of equal convergency on the earth. 


134 


1:130,000,000. 


general idea of the practical limits of the — 
conical orthomorphic for this purpose.  Pro- 
vided the standard parallels are well chosen 
and the route is predominantly in an E.-W. 
direction, it is possible to approximate a 
great circle by a straight line over a distance 
of several thousand miles. In the example 
the great circle (slightly curved) is shown as 
a pecked line, while the parallels shown in 
the same way are the standards. Even in 
an E.-W. direction, however, the change 
of latitude would soon become excessive, 
although errors of convergence arising from 
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this cause are allowed for when the curves 
giving true bearing are constructed in the 
correct manner. It will be remembered that 
those in the figure do not include this allow- 
ance, since they are based on map con- 
vergence rather than on the convergence of 
true meridians. 

Turning to routes in a_ predominantly 
N.-S. direction, it might be thought that, 
since curved meridians are now no handicap, 
the ordinary polyconic projection, with its 
very favourable showing along a central 
meridian, would come into the picture. 
Although it might be suitable for the pur- 
pose, it is probable that a transverse case of 
the cylindrical orthomorphic or the cor- 
responding simple cylindrical (Cassini’s 
projection) would still be preferred.*° 

Finally, we come to a route chart of a 
different kind—one constructed for a loxo- 
drome or rhumb-line course rather than for 
a great circle course. The rhumb line on 
this projection differs from the straight line 
on a Mercator chart in that the scale along 
it is constant, although the projection 
remains approximately orthomorphic in the 
neighbourhood of the central route. These 
two properties—true scale and orthomor- 
phism—are combined near the centre by 
drawing the straight parallels at their true 
distance apart, while at the same time vary- 
ing the distance between straight meridians 
in such a way as to retain true scale at the 
mid-latitude between each pair of intersec- 
tions of the meridians with the rhumb-line 
route. The projection was designed in 
1935" to cover the very suitable case of the 
route from England to Australia, which at 
that time wandered between the direct loxo- 
dromic and great circle courses. This is the 
case shown in Fig. 10b, where it is drawn 
to the same scale as the oblique Mercator 


** Similarly, oblique polyconic projections offer 
no particular advantages over cylindrical 
types. 

**H. Poole: A Map Projection for the England- 
Australia Air Route, Geog. Jour., Vol. 86, 
1935, pp. 446-48. 
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chart of the corresponding great circle route. 
Loxodromic and great circle courses are 
indicated on both charts, the difference in 
distance being given by the difference 
between the lengths of the respective axes, 
each of which is graduated at intervals of 
300 nautical miles. 


4. SPECIAL AIDS IN PRE-FLIGHT 
DETERMINATIONS 

Whatever improvements in navigational 
technique are foreshadowed in the immediate 
future, it is fairly safe to assume that the 
basic pre-flight determination of the elements 
of long courses will still be needed, and will 
coniinue to follow established practice. How 
far does the foregoing discussion help in 
suggesting improvements to the normal 
procedure? To, attempt an answer to this 
question it is necessary to return to the study 
of convergence, and to follow out. still 
further its representation on different map 
projections. 

The curves of equal convergence which 
we have derived from the polyconic projec- 
tion really refer to the varying inclination of 
the meridians, considered along any particu- 
lar parallel. Strictly speaking, they do not 
give the correct answer when we require to 
know the convergency betwen the ends of 
any straight line or approximate great circle. 
Although these curves have been derived 
independently for other projections, and 
although they may be used on charts where 
measurements are made between any two 
points, they can do no more than approxi- 
mate to the unique conditions of a particular 
route. To study an accurate series of such 
curves we must make use of a zenithal pro- 
jection specially constructed for a ‘‘centre’’ 
or point of tangency chosen as one end of 
an infinite number of great circle routes 
whose convergence we wish to portray. 
Fig. 1la shows part of a stereographic pro- 
jection centred on London. Great circles 
through the centre are straight lines, and 
cut all meridians, including the central 
meridian, at the true bearing. Such a chart 
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can therefore be of value in the study of 
true convergence. 

Fig. 3 of the writer’s earlier paper** may 
be used as a starting point. There it was 
shown that the convergency between the 
centre A and a second point B is given 
graphically by the angle x included between 
a tangent to the meridian of B and the 
central meridian, this angle being measured 


Fig. 11 


(a) Sterecgraphic projection centred on London, and showirg relation between curves of 
equal convergence from centre (coarse pécks) and of equal reverse bearing (fine pecks); 
also (on right) elements of route London-Basra. 

(b) Mercator projection of same route, to show derivation of chord courses from curves 
of equal convergence. 


at the point from which the parallel of B is 
described. From this relationship it was 
possible to establish a simple graphical 
method of obtaining lines of equal bearing 
radiating from the centre. This line of 
thought is continued in Fig. lla. | If lines 
were laid off at a constant angle x (shown in 
the example as 30°) from the centres of each 
of the parallels of the chart, the series of 
intersections with the respective parallels 
would trace out a curve of equal true con- 


28 Dilloway, op. cit., Jour. Roy. Aer. Soc., 1942. 
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in respect of all great circles passing through 
London. In the figure such curves are 
drawn at intervals of 10°. Their relation- 
ship with curves of equal bearing | short 
pecks) passing through London is also 
shown. If straight lines are drawn to 
radiate from the centre at intervals of bear- 
ing of 10°, their cuts with the true con- 
vergence curves will give points on these 


curves of equal bearing. The reasons for 
this can be worked out from the figure, 
where it can be seen that any of the three | 
series of lines can be derived from the other | 
two. 

What are the practical advantages of 
curves of equal convergence? Apart from 
their uses in aiding the conversion from 
rectangular chart bearing to true compass 
bearing, these curves help to simplify the 
preliminary determination of the elements of 
great circle courses. The method of working 
is illustrated on the right-hand side of 
Fig. lla, showing the route London to 
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Basra on the stereographic, and Fig. 116, 
showing the same route on Mercator’s pro- 
jection. Instead of choosing the successive 
legs of the rhumb-line chord courses in an 
arbitrary manner, we select them at equal 
intervals of convergence along the great 
circle. All that is then necessary is to apply 
one half the convergence interval to the first 
true great circle bearing to give the first 
chord course, changing this by the full 


Fig. 


great circle routes passing through a par- 


ticular station can be obtained at once from 
an oblique stereographic chart without 
recourse to a Mercator base chart. If the 
related zenithal equidistant projection is used 
instead—Fig. 12 shows an example for 
the hemisphere centred on London—the 
measurement of distances along these great 
circles is reduced to its simplest form, while 
none of the essential properties are affected. 


12 


Zenithal equidistant hemispKere centred on London showing curves of equal convergence 


from centre and distances in statute miles. 


True bearings from centre can be read on 


outer circle. 


amount of the convergence interval at the 
end of the first chord to give a second chord 
course; and so on until we reach the end 
of the last complete chord, when one-half 
the convergence interval, plus one-half only 
of the estimated convergence to the end of 
the route, is applied to give the final bearing. 
The method of working for this example is 
shown in the two figures. The conclusion 
at once emerges that all the elements of 


From Fig. 12, with its facilities for reading 
initial bearings, convergency, and distances 
in statute miles to all other points (to say 
nothing of curves of equal reverse bearing 
and the elements of chord courses) it is 
clear that a series of such charts, constructed 
for various important centres and to a fairly 
large scale, would be of value in planning 
long-distance routes. Whether the curves 
on such charts allow for convergence only, 
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as in Figs. 11 and 12, or whether they com- 
bine an allowance for convergence and 
magnetic variation, makes no_ difference 
whatever to the method of use. The bear- 
ings shown in Fig. 11 require a separate 
correction for magnetic variation. 

The procedure to be followed on conical 
projections equipped with false rectangular 
meridians and curves giving true magnetic 
bearings is exactly the same as that described 
in the preceding paragraph, and illustrated 
in Fig. 11. A long great circle route would 
be broken up into a number of shorter 
lengths, each to be flown on a constant 
magnetic bearing. Changes of course would 
be made at points determined by the curves, 
the rule being that no leg should be of such 
a length that the difference between the 
curve values at the ends exceeds a small 
number of degrees. This proviso is neces- 
sary in view of the approximations involved 
—notably that of using a mean magnetic 
bearing. In effect, the convergence curves 
are seen to be a medium through which 
the properties of conical and Mercator charts 
are to some extent reduced to a common 
form. 

By statement and by implication we have 
now arrived at a fairly complete picture of 
the effects of applying corrections for con- 
vergence on map projections of various 
types. Which of the two kinds of correction 
—for convergence only or for combined 
convergence and variation—will be preferred 
in a particular case, will depend entirely on 
whether magnetic or non-magnetic direc- 
tional indicators are to be used. 


CONCLUSION 


The new methods and ideas put forward 
in this paper, in the course of a survey of 
the problems of world air charts, are roughly 
of two kinds. First, designs are produced 
for new devices to aid the study and pro- 
traction of world routes in the office. ° These 
are the geared stereographic hemispheres of 
Figs. 3, 4 and 5, and the auxiliary device 
of Fig. 12. Second, new methods are 
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proposed bearing on the design of naviga- 
tional charts for the entire globe. These are 
comprised in a fairly thorough general 
treatment of suitable projections and sheet 
layout; and of what has now been termed 
‘* grid navigation.’’ Throughout it has been 
assumed that the new pressure of a single 
world environment will come to prevail over 
current motivations, and that all such prob- 
lems will eventually be dealt with by a 
single world authority. For this reason the 
object has been to attain a degree of refine- 
ment sufficient only to allow an assessment 
of possibilities and a preliminary layout of 


designs. To this end the discussion has 
been deliberately simplified; firstly, — by 


employing the spherical assumption in all 
descriptive matter; and secondly, by omit- 
ting all reference to mathematical analysis 
and formule where these are available in 
standard literature. 

Much of the discussion of navigational 
charts has centred round a method of 
overcoming the difficulties of converging 
meridians. The basis of such a method was 
thoroughly worked out some years ago by 
Admiral Tonta, Director of the International 
Hydrographic Bureau, and is now beginning 
to arouse serious interest. Quite recently 
the present writer had occasion to construct 
a polar chart embodying the same principle 
—presumably the first chart of the kind 
to be prepared; and it was partly in 
this way that he came to attempt a 
more general interpretation of the basic 
idea. A similar interest has been aroused 
in the United States, and has now been 
focused in a paper by Prof. Samuel 
Herrick just received.2? In this paper the 
subject of ‘‘ Grid Navigation ’’ is dealt with 
from the standpoint of Admiral Tonta—that 
is, curves of correction to true bearing are 
based on lines of equal map convergence 
taken from conical charts. The need for an 
additional correction to enable the great 
circle to be approximated by a series of 


29 Samuel Herrick: Grid Navigation, Geog. Rev., 
Vol. 34, 1944, pp. 436-56. 
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shert chords is not specifically brought out, 
and the treatment of a straight-line track is 
somewhat simplified. On the use of strip 
charts Prof. Herrick refers to a proposal by 
Mr. Douglas Matthews for a projection 
constructed along a great circle route, with 
straight meridians inclined to the great circle 
at the true bearings and with parallels 
obtained by dividing the meridians equally. 
An asymmetrical approximation of this kind 
would offer no advantages over an oblique 
cylindrical chart, and the present writer can 
see little future in such a method, although 
at first sight it has often seemed to him to 
be a tempting solution. 

What are the simple advantages of ‘‘ grid 
navigation ’’? As Prof. Herrick points out, 
it allows the use of a drafting machine, 
eliminates a good deal of work on conical 
projections, and requires little alteration to 
existing charts. Other advantages are 
brought out earlier in this paper, notably 
the ease with which a magnetic great circle 
course can be followed by applying to the 
initial ‘“‘rectangular’’ bearing the mean of a 
pair of curve values. As to the extent to 
which, for navigational purposes, the grid 
could replace a graticule of meridians and 
parallels, the writer feels that further experi- 
ment is necessary, particularly with the 
various operations of celestial and position- 
line navigation. 

What of the relation of world flying routes 
to the distribution of human settlement on 
the face of the globe? From a spate of 
claims and counter-claims the importance of 
at least two strategic centres appears to be 
demonstrated. If the world’s land areas are 
mapped on a polar projection, as in Fig. 3, 
regions of dominating importance are seen to 
be grouped around the north pole. Allow- 
ing for the exaggerations of commercial 
publicity, and despite fog and other seasonal 
difficulties, the polar region seems destined 
for a measure of air-route development.*” 
In theory, at any rate, the problems of polar 
navigation do not present any unusual diffi- 
culties, while the use of false rectangular 


meridians on polar charts offers the simplest 
example of the advantages of the “‘ grid ”’ 
method—not separately treated here for the 
polar case because of its general applica- 
bility. 

The properties of Fig. 4, centred on 
London, are exactly similar to those of the 
polar map. Figs. 4 and 12 help to confirm 
the fact that London, though not precisely 
the “‘ centre of gravity ’’ of the world’s 
land hemisphere, is as close to it as makes no 
difference.*! This fact, and its position 
astride the routes linking the Old World 
with the New, may help to account for a 
growing conception of London as a potential 
exchange centre of cultures, with air com- 
munication as one of the vital links. But 
the picture depends in part on the existence 
of a world air organisation; and in this 
matter the state of opinion in the Americas 
suggests the possible formation, as a tem- 
porary expedient, of an international air 
authority for the non-American world. This 
Old World area includes most of the world 
routes, and even before the war accounted 
for well over half the“total of air-miles flown. 
In relation to it, London would exchange a 
central for a peripheral position; but its 
world position would remain the more 
important. Against this last idea, on the 
other hand, may be set the well-established 
fact—not yet of great moment—that geo- 
graphic centres of population, in common 
with other indices of civilisation, are trend- 
ing slowly eastward in the Old World and 
westward in the New—both in the direction 
of the Pacific! 


20 A general treatment of certain aspects of the 
subject, including a rather optimistic tabu- 
lation of savings in great circle distance, is 
given by Elmer Plischke: Trans-Arctic Avia- 
tion, Econ. Geog., Vol, 19, 1943, pp. 283-91. 

“1 The true centre, established according to the 
conventions of ‘‘ centrography,’’ is located 
near Nantes, in France. A _ good _ general 
treatment of this and various other centres 
(all much farther removed from London) is 
given by Erwin Raisz: Our Lopsided Earth, 
Jour. of Geog., Vol. 43, 1944, pp. 81-89. 
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Of necessity this paper has ignored certain 
aspects of mapping for world aviation. 
Nothing has been said about the design of 
the map picture, and no mention is made of 
suitable scales,** or of the number of series 
required. All such matters would fall con- 
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veniently within the terms of reference of a 
newly constituted International Commission, 
During the last few years sufficient experi- 
ence and sufficient basic material have been 
accumulated in this field to bring an agreed 
decision within easy reach. All that needs 
to be underlined here is that this whole 
subject possesses both an extreme topical 
interest at the present time and a great and 
growing importance for the future. 
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THE ROYAL 


CIVIL 


AERONAUTICAL 


SOCIETY 


AVIATION 


DISCUSSION 


MEETING of the Royal Aeronautical 
Society was held in the lecture hall of 
the Institution of Mechanical Engineers, 
Storev's Gate, St. James’s Park, Westmin- 
ster, London, S.W.1, on Tuesday, January 
93rd, 1945. In the chair: Dr. H. Roxbee 
Cox, Fellow of the Society. 
The purpose of the meeting was to discuss 
and to vote on a motion concerning the 
development of civil aviation. 


The CHAIRMAN: He announced with regret 
that Sir Roy Fedden (President of the 
Society), who had intended to preside, had 
been involved in a motor accident and was 
unable to attend the meeting. Whilst unfor- 
tunately two of his companions appeared to 
have been seriously hurt, Sir Roy was not 
so seriously hurt and there was every reason 
to hope that he would not be away for very 
long. 

Coming to the subject for discussion at the 
meeting, the Chairman recalled that the 
Society had held an all-day discussion in 
November, 1944, on a variety of matters of 
importance in civil aviation, under the very 
able chairmanship of Lord Brabazon, and 
on the whole the Council felt that it was not 
unsuccessful. Nevertheless, it had come in 
for some criticism, to the effect that it was 
too long—it had lasted about seven hours— 
and that the variety of subjects discussed 
was really too great. As a result, a number 
of people felt that they had heard a great 
many diverse opinions, but that no one 
subject had been adequately thrashed out. 

Consequently, the Council of the Society 
had decided to experiment along rather 
different lines and to arrange a number of 
short debates, each on a single subject, so 
that the pros and cons of each subject could 


be thoroughly ventilated and the trend of 
informed opinion defined. The present 


_ meeting was the occasion of the first debate, 


and the second would be held on March 13th, 
1945. If the Council felt that the experi- 
ment was a success, it would be repeated. 

The motion for debate was : — 

‘“‘ That in the opinion of this meeting it 
is reasonable that organisations experienced 
in transport services—for example, ship- 
ping and railways—should take part in the 
development of civil aviation.’’ 

The following gentlemen had accepted 
invitations to speak for and against the 
motion : — 

In favour: 

Mr. Arthur Gouge, Past-President of the 

Society. 

Major K. M. Beaumont, a_ recognised 
authority on air transport and air law 
matters. 

Mr. Farey Jones, of North-Eastern Air- 
ways Ltd. 

Against: 

Mr. D. MclIntyre, Managing Director, 
Scottish Aviation Ltd. 

Mr. T. Rice, District Manager in the 
United Kingdom for Pan-American Air- 
ways. 

Group-Captain G. W. Williamson, of 
David Brown Ltd. 


The Chairman emphasised that the object 
of the debate was to bring out the points in 
favour of and against a particular motion of 
considerable general interest. The speakers 
would be arguing a case, and were not 
necessarily stating their personal views. 

He added that the meeting was not solely 
composed of members of the Society, and 
that even if it were, it would only represent 
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a small proportion of the* membership. 
Consequently the vote at the end of the 
debate would only reflect the opinion of the 
meeting, and must not be regarded as repre- 
senting the view of the Royal Aeronautical 
Society. 

He regretted to say that Mr. Gouge had 
been unable to attend the meeting, and he 
called upon the Secretary to read Mr. 
Gouge’s remarks. 


Mr. A. GouGE (Past-President): To be 
able to run successfully any transport ser- 
vice, it is important that certain fundamental 
requirements are fulfilled, or that the neces- 
sary knowledge to attain this requirement 
can rapidly be acquired, 

In the great expansion of aerial transport 
which can be foreseen in the near future, it 
would seem advisable to encourage any 
organisation, which is equipped, or even 

partly equipped, with the fundamental 
requirements to participate in air transport. 

Consider for a moment what these require- 

ments are, and see if the railway and ship- 
ping companies are in a position to help 
this country to develop rapidly its aerial 
transport. There was no need for him to 
stress at this meeting how important. is the 
question of speed of development. 

Apart from the financial requirements 
which are necessary and which he was taking 
for granted the railway and shipping com- 
panies have, the other main requirements 
seem to be:— 

(1) It is necessary to have some knowledge 
of the means used for transport. 

(2) It is necessary to know much about the 
goods you are going to transport. 

(3) It is also necessary to have experience 
of ground facilities which go with and 
are an essential part of the operation of 
any transport system. 

So far as (1) is concerned, it cannot be 
said that either the railway or shipping com- 
panies have a great knowledge of operating 
aircraft though the railways operated aircraft 
before the war and are doing so now—and, 
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as far as he knew, doing it very well. 
Certain of the shipping companies were 
interested in air transport, particularly those 
overseas. 

Any lack of experience in this direction, 
however, should soon be overcome, and an 
immense number of young men have been 
trained during this war to both operate and 
maintain aircraft. It should therefore be 


easy to recruit staff with the knowledge | 


required. 

It is also obvious that in the higher ranks 
of the Royal Air Force, particularly Trans- 
port Command, there must be well-qualified 


officers who would be able to undertake | 


management responsibilities. 

Regarding (2), there is no question what- 
ever that both the railway and _ shipping 
companies in the course of their present 
business have gained all the knowledge 
required about how to handle passengers 
and goods. They also know what is in 
some ways more important, the mistakes to 
avoid. 

Regarding (3), both the railway and ship- 
ping companies have the necessary knowledge 
and experience how to deal with passengers 
and goods once they arrive at their destina- 
tion. He would say this is particularly so 
of the shipping companies. These companies 
have branches all over the world and are 
therefore particularly well situated to start 
almost at once handling any traffic which 
may arise. 

He hoped from these few remarks he had 
shown that generally both railway and ship- 
ping companies are in a position to assist in 
aerial transport. As pointed out, they have 
the finance and most of the technical require- 
ments, and he would ‘have no hesitation in 
saying that, given the opportunity, both 
railway and shipping companies could help 
very successfully in British air transport. 

Personally he could see no reason why it 
should ever be assumed that it was not a 
good thing for the British railway and ship- 
ping companies to participate in ie develop- 
ment of British air transport. If companies 
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such as these are not allowed to participate, 
then it would exclude everybody and British 
air transport would be run as a monopoly 
by some State-controlled body. 

It appeared to him to be very essential in 
the development of a new business or 
industry that encouragement be given to any 
companies or concerns who wish to partici- 
pate, always providing they are qualified to 
do so, both financially and technically. 

He would not like to be read into his last 
words that he thought the development of 
a business like aerial transport should not be 
controlled or governed. This he considered 
to be very necessary, particularly from the 
technical aspect. Also he personally felt 
that a certain amount of controlled compe- 
tition is essential if an efficient industry is 
to be developed. 

It can, of course, easily be stated that they 
would get competition from overseas and 
that they would be wasting their .effort to 
compete amongst themselves. However, he 
thought this was far from the truth. Any 
business, in his opinion, is improved in its 
early development by a certain amount of 
competition, and while there is no question 
whatever that they would get competition 
from overseas, the problems of other coun- 
tries are not British problems. This is a 
point which he thought was not appreciated 
sufficiently in this country. 

Before the war they had a very large 
shipping fleet whose business it was to carry 
goods and passengers to the four quarters of 
the globe. This business is going to be 
relieved of a certain amount of its trade by 
air transport, and it should therefore be their 
business to see that British air transport is 
developed to take as much as possible of the 
trade which the shipping companies are 
bound to lose. 

The type of aircraft which has to be 
developed to run the air service for this 
purpose is not necessarily the same type as 
developed to run airlines internally in another 
country. They must do their own develop- 
ment for these particular routes, and in his 


opinion a certain amount of controlled com- 
petition will help the development. 

In his opinion there were no better people 
to run these particular lines than the shipping 
companies themselves. The same remarks in 
general apply to the railway companies, 
except that their traffic is very much nearer 
home. 


Mr. D. McIntyre (Managing Director, 
Scottish Aviation Ltd.): The Chairman had 
pointed out to the meeting that this is a 
debate in which the speakers state their case, 
not necessarily their convictions. 

It so happens that his case coincides 
exactly with his convictions, formed on 
twenty years of practical experience in avia- 
tion, and especially on the experience of the 
last four years, during which he had, with 
the assistance of a specialist technical staff, 
been engaged in the practical operation of a 
modern international airport which is to-day 
handling a far greater volume of long- 
distance trans-Atlantic air traffic than all the 
traffic of pre-war Croydon. 

He thought it should be clearly appreciated 
at the outset that, contrary to all of the very 
powerful propaganda of surface interests, 
air transport is an entirely new and revolu- 
tionary form of transport—entirely different 
in technique, method and mentality from 
any older form of surface transport. 

In the course of only forty years it has 
been developed logically and efficiently by 
men with aviation minds. It was their skill. 
enterprise, courage and devotion which over- 
came not only the mechanical problems, but 
lack of funds, public apathy and opposition, 
bringing air transport to the point at which 
it stands to-day. 

It would be deplorable, having reached 
this stage, if a meeting of the Royal Aero- 
nautical Society considered that aviation men 
were now incapable of running their own 
business and had to fall back on the assist- 
ance of the elder surface transporters. In 


certain countries it might even be construed 


as a sign of decadence. 
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Until a nation has used a wide network 
of internal airlines at costs within the means 
of a large proportion of its population, and 
thus familiarised itself with air transport, it 
can have but little aviation mentality and 
few constructive views to offer. 


During that temporary period of partial 
ignorance, public opinion is very open to be 
misled by those who consult only selfish 
interest, or by those who have only recently 
given thought to the subject and whose 
outlook is therefore superficial and unlikely 
to be sound. 


As they would imagine, he did not plead 
for a square deal for the railways, except in 
their own sphere. His case was that of a 
square deal for the whole British public, 
which will receive immense and unimagined 
benefits from a timely and seemly enlarge- 
ment of commercial air transport. 

His own experience has proved to him 
that there is absolutely nothing that surface 
transport industries can contribute to that 
process apart from money and political pull. 
Aviation will be much better without both 
of these, unless it is the right type of money 
and the right type of political pull, directed 
solely towards the enlargement and deve'op- 
ment of air transport. 

The plea which is normally made by rail- 
way and shipping companies is that their 
existing ticket offices, agencies and other 
facilities would be of advantage to air 
services. The hard fact is that air transport 
has already built up for itself a technique 
and psychology of passenger and freight 
handling, and ticket systems, on entirely new 
and modern lines, which are so_ highly 
efficient that it would be a most retrograde 
step for air transport to revert to the old- 
fashioned methods, psychology and facilities 
of the surface transport industries. 


‘‘Co-ordination of Transport ’’ has become 
a stock phrase of the railway and shipping 
companies, and much is made of the point 
that partnership in the railway air plan is 
open to all comers. It has recently been 
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their boast that nirie shipping companies 
have accepted that offer. 


Another stock phrase in their propaganda 
is ‘‘ Wasteful Competition,’ but it is all 
unsatisfactorily vague in meaning, and at 
best is only one side of the picture; the other 
side having some sinister implications. 

Co-ordination of transport is a_ simple 
function of Government whose powers in 
this respect cannot be usurped by commer- 
cial undertakings. And does not all this talk 
about ‘‘ Co-ordination’’ and ‘* Wasteful 
Competition ’’ sound remarkably like a 
formula for a commercial monopoly ? 

Clearly, it will be time enough to talk of 
co-ordination of air transport when the air- 
lines have brought one class air fares to the 
travelling public below that of third-class 
railway fares—a stage which they would 


reach within five years if aviation companies 


who are in aviation for aviation’s sake are 
allowed to apply their virile determination 
to this aim. 

He need not ask them to imagine just 
how far British railways would have been 
developed if their growth and encouragement 
had been in the hands of stage coach 
operators and canal companies. And, for 
that matter, how far would British merchant 
shipping have been developed if its enterprise 
and energy had been restricted to that of a 
branch of the Admiralty? 


But he would ask them to consider the 
debate that evening in relation to the 
position.in America, where the enterprise of 
the individual, and reasonable competition, 
is fully encouraged on the public’s behalf by 
the Government, and where the control of 
one form of transport by another is definitely 
forbidden by one of the Republic’s funda- 
mental laws—a law which has probably con- 
tributed more than any other to the vast 
development of that country, which, having 
started from scratch in the 17th century, now 
numbers some 140 million inhabitants, as 
compared with Canada’s eleven millions and 
Australia’s eight millions. 
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The test there, which is applied to all new 
transport undertakings, is the clear practical 
test of public necessity and convenience—a 
test which if applicable in this country 
would have obviated such a debate as this 
ever taking place. 

In America no one transport industry is 
allowed to control another, and the benefits 
of this have been proved time and time 
again, and passed on to millions upon 
millions of ordinary American citizens. 

Had he time, he could give them endless 
human examples of the effect which this law 
has had in developing the widespread trans- 
port arrangements which have been the basis 
of American progress and their high standard 
of living. 

Both America and Canada have made 
their policy abundantly clear by legislating 
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; port from any connection with air transport. 


Can conditions and fundamental principles 
beso entirely different in the two hemispheres 
that they could believe for one minute that 
150 million enlightened people can be wrong, 
and dare they blind themselves to the proof 
of their principles? 

He thought he could illustrate the American 
view more clearly on this subject by a short 
quotation from the U.S. Government’s case 
vhen this law was applied to a shipping 
ompany which had developed an overseas 
irline and was forced by law to divest itself 
if all interest in that airline. Here is the 
US. Government’s case : — 


“ The legislative policy thus developed 
had a background of experience. -New 
modes of transportation had rarely been 
pioneered and developed by those engaged 
in older forms of transportation. The older 
transportation agencies had generally 
resisted the new, and had entered the new 
field only after its commercial possibilities 
had been demonstrated and the new trans- 
portation had come to be regarded as a 
competitive threat to the old. Congress, 
in adopting the restrictive provisions of 


Section 408 of the Civil Aeronautics Act, 
evidently intended that air carriers should 
be free to act independently of conflicting 
interests and feared that in the absence of 
strict public control these air carriers might 
become the economic captives of financial 
interests whose primary concern would be 
the protection of their investments in other 
forms of transportation.”’ 


It must be clear to every unbiased mind 
that where there is comipetition between the 
various forms of transport, each finds its 
own natural level, all the higher because it 
has had to strive to reach that level. Each 
develops on natural lines, and the mass of 
the population reaps the benefit in lower 
costs and extended services. Where an 
older form of transport controls a new there 
must be the tendency to provide a safeguard 
for the small minority of the public who are 
shareholders, to the detriment of the large 
majority of the population who are not. 
But the majority of the population is entitled 
to all of the benefits of the new instrument— 
and is fully entitled to be protected against 
the reduction of these benefits and against 
the delays which would be introduced if older 
forms of transport obtained a grip over the 
new. 


Finally, he would like to emphasise that 
at this moment when they must make up 
their minds to be an airfaring nation in an 
airfaring age, they should be particularly 
careful to step forwards and not backwards. 
He was convinced that they would step 
backwards and never recover if the encour- 
agement of British air transport is merged 
with the dogmas, financial obligations and 
almost overwhelming political influence of 
the surface transport industries. They could 
not have air transport operated to the old- 
fashioned standards of railway trains, or air- 
crews being paid off at the end of each flight, 
as is the practice in shipping. He was 
equally certain that they would take a step 
forward if they ensured that the development 
of air transport is placed in the hands of 
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those who have brought it thus far—who 
have proved their faith and singleness of 
purpose in the development of air transport 
—and who can theretore be trusted to foster 
the commercial air transport services of this 
country without regard to any interest but 
that of public necessity and convenience. 


He did not think that railway or shipping 
companies should take a part in air transport. 


Major K. M. Beaumont: In the public 
interest, which is what should always 
primarily be studied, it is essential that pur- 
veyors of air transport should be equipped 
with enterprise, expert knowledge and 
experience of carriage of traffic. 

In the early days of flying, as in the early 
days of motoring, the main objective was to 
get the vehicle from one point to another 
without breakdown or mishap. Only forty 
years or so ago it was quite a hazardous 
adventure for a motorist to undertake a 
journey from London to Oxford. Even when 
the dangers and difficulties of tube-ignition 
had been superseded by electricity, he had 
to tackle broken valves and valve springs, 
faulty plugs, sticking commutators and innu- 
merable tyre bursts, complicated by security 
bolts—if nothing worse. 


In the same way, a pilot who made a 
journey only from London to Paris about 
twenty-five years ago was quite a hero, like- 
wise his passengers, in aircraft which could 
only just be hoicked over the boundaries of 
muddy aerodromes before the single engine 
overheated and stalled. 


In those days air transport was difficult 
and dangerous—a matter for experts in 
piloting, navigation, maintenance, etc., since 
aircraft were tricky, engines unreliable and 
aids to navigation non-existent. Nowadays, 
with concrete runways, automatic pilots, 
radio, radar, beams, blind-landing facilities, 
multi-engines that seldom fail, greatly 
increased range and speed, and a constant 
supply of expert flying, navigational and 
mairitenance personnel available from Trans- 
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port Command and the R.A.F., the move- 
ment of the vehicle from one point to 
another, over long stages, is one of the 
problems of air transport most easy of 
solution. 

Particularly in international air transport 
there are much more knotty problems which 
are common to all forms of international 
carriage—for instance, the difficulties insep- 
arable from transit between and_ through 
foreign countries (including Customs, immi- 
gration, quarantine, police regulations, etc.), 
the maintenance of an up-to-date fleet of 


vehicles for the various services required, | 


capable of competing successfully with inter- | 


national rivals, the provision for the various | 


types of customer (users of mails, passengers 
and owners of goods) of the class of transport 
which each requires at the cost which each 
is able and willing to pay, and generally the 
observance of the maxim that ‘‘ The custo- 
mer is always right ’’—without the carrier 
ruining himself. All these problems, and 
many others, are common to international 
carriage generally and outweigh greatly in 
importance and number the problems pecu- 
liar to air transport. 

In all such matters international shipping 
and railway undertakings have acquired a 
mass of knowledge and experience which 
constitutes a good foundation for exploiting 
air transport; and in the case of international 
shipping companies they have foreign bases 
and experienced agencies ready to handle 
traffic where they require to operate and 
where they have probably been operating in 
a manner to which passengers and shippers 
are accustomed. 

Naturally they would have to acquire the 
specialised knowledge indispensable for air 
operations—for instance, the intricacies of 
the Paris, Warsaw and other international 
Conventions applicable to the air, including 
perhaps a new Convention arising out of the 
Chicago Conference. These would be in 
addition to those of the Brussels and Berne 
Conventions, which have long constituted 
the bibles respectively of the international 
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marine and rail carriers. But this knowledge 
is readily available on application to those 
who have for many years made a special 
study of the subject—for instance, himself. 

Somewhat similar arguments are applic- 
able to the participation of rail and road 
organisations in internal air transport. 
Indeed, where international complications do 
not have to be faced, the differences between 
the air and older forms of transport are 
fewer. Consequently it should be easier for 
the surface carrier to adapt himself to trans- 
port by means of the more modern vehicle. 

It is sometimes objected that if marine, 
rail and road carriers undertake air opera- 
tions, their tendency will be to suppress the 
air side in favour of their original vehicles. 
He suggested that no carrier who is enlight- 
ened enough to balance his fleet by the 
incorporation of the most modern vehicles 
would be so foolish as to act thus, especially 
if confronted by international competition, 
with which he has had to contend for many 
years. If he does not provide his customers 
in all categories with the form and class of 
transport they respectively require, at or 
below the cost at which they can obtain it 
from his rivals, he will lose his business and 
go broke. 

If the marine, rail or road carrier studies 
and learns the special respects in which air 
transport differs from other forms of carriage, 
and acquires the technical personnel neces- 
sary to handle those aspects which differ 
from those of which he has great experience, 
he saw no reason why he should not only 
make a success of this, but also perhaps 
import into it methods learned from long 
transport experience which may improve 
upon those of concerns which have concen- 
trated solely upon the air. In any event, 
he could not see that users of transport will 
suffer in consequence of surface carriers 
being allowed to enter into competition. On 
the contrary, the travelling public and other 
taxpayers should benefit from enlargement 
of the field of potential air carriers. And, to 
tepeat his original axiom, it is the interests 


of the public which should primarily be 
studied. 


The CHAIRMAN: The next speaker, Mr. 
Rice, wished it to be understood that he 
would express views formed on the basis of 
American experience and applicable in 
America. He did not wish his remarks to 
be regarded as in any way indicative of 
what was appropriate for British civil avia- 
tion. The Society was grateful to him for 
speaking; it would be interesting to consider 
the applicability of the points he made to 
our own particular problems. 


Mr. TorsBert A. Rice: He would like to 
open his part in this debate by emphasising 
the fact that his remarks to follow do not 
necessarily represent the views of the 
Management of Pan-American Airways. 
Also he wanted to state that he was arguing 
against the motion as it applies to the United 
States. For rather obvious reasons it was 
not his place to indicate to what extent he 
believed his arguments applied to any other 
country. 

Many years ago the Congress of the United 
States passed an Act which, in effect, made 
it unlawful for a railroad company or other 
common carrier to control any common 
carrier by water, with which the railroad or 
other carrier might compete for traffic. A 
Congressional Committee which sponsored 
this Act made the following statement : — 

“The proper function of a railroad 
‘corporation is to operate trains on its 
tracks, not to occupy the waters with ships 
in mock competition with itself, which in 
reality would operate to the extinction of 
all genuine competition.”’ 
Now that statement was made in 1912, but 
does it not make just as much good sound 
sense to-day as it did thirty-three years ago? 

In the course of its regulation of the 
various forms of inter-state and foreign 
transportation, the Congress of the United 
States has consistently sought to prevent 
companies engaged in one form of transporta- 
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tion from having controlling interests in com- 
panies engaged in another. Basically, it has 
determined that the different forms of trans- 
portation should be developed as independent 
industries. 

This policy rests upon a variety of con- 
siderations, among which the more important 
are: the fear that the older forms of trans- 
portation—as a result of their established 
position and financial power—might dominate 
and restrict the newer; the belief that the 
newer forms of transportation can be 
developed more effectively by companies not 
controlied by carriers engaged in a competing 
form of transportation; and the desire to 
restrict interlocking relationships between 
competitive interests in public service gener- 
ally. 

As is known, the American steamship 
companies are now strenuously endeavouring 
to have this policy rescinded. Now of course 
these companies contend that the operation 
of airlines by them over their steamship 
routes would not be detrimental to the 
development of civil aviation. On the con- 
trary, they state that their present ground 
organisations would be of great benefit to 
the development of civil aviation, and that 
the formation of integral air-sea systems 
would be a great step forward in _ inter- 
national travel. The plea is also heard that 
as foreign shipping lines are making plans 
to operate aircraft in conjunction with their 
ships, the American shipping companies will 
be in a hopeless competitive position unless 
they also are allowed to utilise aircraft. 
Then one hears that the utilisation of aircraft 
by shipping companies is merely a modern- 
isation step—much the same as the change- 
over from sail to steam. 

Let these arguments be examined. It is 
all very well to say that joint operation of 
ships and aircraft along the same routes 
would not be detrimental to the full develop- 
ment of civil aviation—but let them put 
themselves in the position of the directors of 
a company which controls both forms of 
transport in a certain area. The company 
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has a very-large investment in shipping and 
a very much smaller investment in_ its 
auxiliary airline. As business men and as 
servants of the shareholders, is it not an 
obvious duty to increase the return on the 
large investment wherever possible, at the 
expense of the return on_ the 
one? 
would be little more than an economic 
tool with which to protect the very much 
larger shipping investment. 
aviation deserves a better fate than that! 

Next is the argument of the steamship 
companies that their present ticket offices, 


smaller | 
In other words, the air investment | 


Surely. civil 


ground staffs, etc., would be very beneficial | 


to the development of civil aviation. In 
actuality, the two forms of transportation 
are so essentially and fundamentally different 
that this present ground organisation would 
be of little use in the development of a 
ground organisation competent to handle air 
traffic. Air operation requires specialised 
personnel such as dispatchers, meteorologists, 
aircraft and engine mechanics, and even the 
sales and_ traffic-handling personnel must 
utilise an approach and technique entirely 
different to that of their counterparts in the 
much slower land and sea transport com- 
panies. Aviation is essentially dynamic. 
Its progress in the next decade should be 
little short of spectacular, considering recent 
developments in aircraft design, metals, fuels 
and methods of propulsion. Surely it is not 
fair to the travelling public to tie this fast- 
moving industry to the established organisa- 
tion of surface transport. Even granting— 
which he did not—that the existing ground 
offices of surface transport would be of 
benefit to the development of civil aviation, 
without any doubt it is far simpler to 
establish an office at the end of an airline 
than it is to establish an airline at the end 
of an office! 

Now as to the integrated transportation 
system they had heard so much _ about. 
The paramount aim of all engaged in 
transportation should be to give the public 
the best possible service at the lowest possible 
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fares and rates. He freely admitted that 
this aim will be enhanced by an integration 
of the various modes of transportation; how- 
ever, he certainly did not admit that it is 
necessary to put all of the various forms of 
transport under one management to obtain 
this integration. It is quite feasible to 
integrate transportation through traffic con- 
ferences, operator associations, agency agree- 
ments, and in numerous other ways. For 
years it has been the practice of international 
airlines to offer the sale of air-sea tickets. 
For example, by arrangement with all of 
the shipping lines operating on the North 
Atlantic it has been possible for a traveller 
to enter an airline office and purchase a 
round-trip ticket to Europe—one crossing by 
sea and the other by air. The cash discount 
for a round-trip ticket is given, although one 
crossing is by sea. Naturally the steamship 
companies and travel agencies also sell these 
tickets. This is just one example of the type 
of integration that can and will be accom- 
plished in the peaceful years ahead, without 
recourse to joint ownership. 

As he had previously indicated, the 
American steamship companies are now 
claiming that they will be in a hopeless 
competitive position if foreign shipping com- 
panies are permitted to operate aircraft. 
For the sake of argument, let them be taken 
at their word and assume that a shipping 
company without aircraft cannot compete 
with a company operating aircraft. The 
only conclusion to be reached from. this 
assumption is that if they are to have the 
same number of shipping companies after 
the war as before—and the war has certainly 
proved that they did not have too many 
before—then all shipping companies must be 
permitted to operate airlines. Anyone with 
the slightest notion of what the future air 
traffic might be and the number of aircraft 
needed for its carriage must realise that such 
a proposal is completely absurd. 

He thought the modernisation argument— 
that is, the comparison between the change 
from ship to plane, and the change from sail 


to steam—deserves the briefest treatment of 
all. It is one thing to change the method 
of propulsion and quite another to change 
the entire medium and vehicle. He sub-. 
mitted that in the realm of transport, the 
aeroplane is no more related to the steamship 
than the V2 rocket is related to the tank in 
the realm of weapons. 

Is it not true that ground transport 
interests have a public responsibility to 
improve and amplify their existing facilities 
in line with technological and other deve!op- 
ments—as such facilities will certainly con- 
tinue to be vital to the economic and social 
progress of any country? Their fears of 
competition from the air appeared to him 
exaggerated, as the airlines should primarily 
create their own traffic. In testimony before 
the United States Civil Aeronautics Board, 
it was recently estimated that 65 per cent. 
of the future trans-Atlantic air passenger 
traffic would be newly created, whereas only 
35 per cent. would be diverted from surface 
transport. Does it not seem logical to assume 
that the strong stimulus aviation will give to 
all forms of travel and foreign trade will gain 
an amount of business for the shipping com- 
panies in excess of this lost 35 per cent. ? 
There will always be people who desire to 
travel by sea. He thought that he could 
say, without jeopardising his job, that there 
is nothing he enjoyed more than an ocean 
voyage on a comfortable ship. 

That is the case against the American 
surface transport companies participating in 
civil aviation, as it appeared to him. Natur- 
ally he had assumed that their airlines would 
continue to be privately owned, no matter 
who operated them. 


Mr. FarEyY Jones: He congratulated the 
Royal Aeronautical Society on having the 
courage to arrange a debate in this form 
before the aviation fraternity. One of the 
leading aviation journals of the world, in its 
issue last week, rather cast doubt on the 
advisability of discussing, under the egis of 
this Society, a matter which it refers to as 
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political, and implied that it would be far 
wiser for the Society to discuss purely tech- 
nical matters, such as blind landings, and so 
on. He held the view, and he thought it 
should be expressed here, that the personnel 
concerned with the running of air transport 
are as much a technique as the finest piece 
of mechanism that they could have on the 
dashboard of an aircraft, or anything else 
connected with airline operation. 

Frankly, having listened to the very 
remarkable speech by Mr. McIntyre and 
knowing the great work that his company 
has done so very efficiently, and putting his 
and Mr. Rice’s remarks side by side with 
the doubts cast by the journal to which he 
had referred, he could not help feeling very 
much as Alice in Wonderland must have felt. 
Here they were in 1945; and a great leader 
of Scottish aviation, and a doughty cham- 
pion they had had to import from the other 
side of the water to oppose this motion, try 
to prove that there is no room for railway 
and shipping personnel to participate in air 
transport. Surely, if he accepted that, he 
must accept that they were a nation of 
ostriches. 

After all, what does air transport seek to 
do? Are those who are connected, directly 
or indirectly, with air transport seeking to 
claim that only airmen can take part in the 
development of air transport? That is a 
complete fallacy, and it is a view which, 
however sincerely held, will in the long run 
do harm to the community, for if air trans- 
port is to be of any use at all, it has got to 
serve the man-in-the-street; and the man-in- 
the-street will only use air transport and 
aeroplanes when the air transport or aero- 
planes provided will take him anywhere he 
wants to go with the maximum of safety and 
the minimum of delay. 

Because air transport, so far as we in 
Britain are concerned, is not a matter of 
covering the British Isles only, but has to 
be regarded as a matter for the British 
Commonwealth, it is inevitable, sooner or 
later, that any single journey which the 
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average air passenger will take will involve, 
at some part of the distance between his 
home and his destination, the use of a bus, 
a train or a ship. They could not divorce 
those three from air transport. In_ his 
opinion air transport, if it aims at anything 


at all, aims at the carriage of the maximum | 


number of people and the maximum amount 
of cargo to the maximum number of places 
in the shortest possible time and with the 
minimum of inconvenience. They could not 
achieve such an object without some form 
of rail-sea-air co-ordination. Therefore it is 
desirable that persons experienced in trans- 
port services be allowed to come in. 

One of the main lessons which this war 
had taught them was that the Navy, Army 
and Air Force are inter-dependent. Each 
arm can deliver a blow to the enemy in its 
own particular way; but it has been proved 
that when all three Services have been welded 
together into a co-operative whole, the force 
of the blow is more than trebled. That 
applies equally to shipping, railways and air 
transport. The railways deliver passengers 
and freight to the ports and docks, the ship- 
ping companies take them over the oceans 
to other ports and docks, where they are 
again picked up by the railways. Railways 
and shipping have immense and complicated 
systems covering the whole of the Empire. 
They have staffs who have devoted the whole 
of their lives to transport. Add to this 
enormous organisation the benefits of civil 
aviation, with its fast long-distance passenger 
and freight traffic, and you have a trium- 
virate which will take the world in its stride. 
All three are working for the same object; 
why not work together? 

Can any of them say that because a man 
is a railwayman or a shipper he must be 
excluded from air transport counsels? They 
were not discussing whether or not the 
Southern Railway or any other particular 
railway company or shipping company shall 
come into air transport as a particular rail- 
way or shipping company. They would give 
some British organisation the powers of a 
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British aeronautics authority. Then they 
could say that if a shipping or railway com- 
pany wants to come into the air business 
it must form an air company; it may use 
some part of its shipping or rail business, 
but it must not come in purely as a shipping 
or rail line because there must be some 
co-ordination. 

He supposed that at least one-third of the 
wealth of the British Commonwealth had 
been destroyed during the last five years. 
They were faced with the task of rehabilita- 
tion, not only of the British Empire, but also 
of certain nations in Europe who have fought 
side by side with them. When the war ends 
they would be faced with the task of pro- 
viding the day-to-day bread and butter for 
the people, and unless air transport is allowed 
to play a vital part in that work they might 
just as well pack up shop now. Air transport 
must bring to Britain and to British people 
everywhere something of the standard of 
life which their friends in America enjoy. 
Having just come back from there, he 
thought the one approach to the problem 
should be to invite the key personnel in the 
railway and shipping industries to co-operate. 

When the war is over they had to rebuild 
their trade with South America and other 
foreign countries. In 1934 he did an aerial 
survey of West Africa and the South Atlantic, 
and, in common with his friends at Lloyds 
and the Baltic Exchange, tried to start a 
British air service to South America with the 
object of increasing their trade, or even 
recovering it. Could they imagine that they 
could exclude the shipping companies from 
that? 


Group Captain G. W. WILiiAMson (Fel- 
low): Human nature being what it is, it 
is possible to prophesy that certain com- 
mercial unions might be as ill-starred as the 
lion lying down with the lamb. What would 
they think of a canal company taking over 
the running of the railway lines? There may 
be gas companies which also operate elec- 
trical utilities; and they had heard of railways 


which would undertake the running of road 
haulage companies. 


In considering whether an organisation 
which may be moribund should undertake 
the running of another far more up-to-date, 
they must retain a sense of proportion. 
There would be no objection to the exten- 
sion of a railway line er shipping route by 
means of air transport, wherever the propor- 
tion of capital as between airline and surface 
transport was small. This would be com- 
parable to a railway 900 miles long operating 
a shipping service across the Channel. 


But if it is proposed that the capital allo- 
cated to the airline should exceed 25 per cent. 
of the total, the union will be an uneasy one 
unless certain safeguards are adopted well in 
advance of the organisation being built up. 


They had a first-rate example of such a 
union in the transfer of’ capital by Hitler 
{rom the railways to the roads—an organisa- 
tion so disastrous that it might well prove 
to have lost him the war. However, in the 
absence of a Hitler in this country they were 
not likely to see a transfer of the major 
proportion of the capital from the older to 
the newer form of transport. 

In an extremely important paper read 
before this Society, Dr. Roxbee Cox set out 
certain essential features of any air transport 
organisation. The first was safety in flight; 
no airline will long remain a success unless 
safety first invariably takes pride of place, 
as with any independent airline. Would 
this always be so if the airline were controlled 
by other than disinterested directors? 

They have had examples of expediency 
overruling the policy of safety first in com- 
mercial air transport during the war. Fol- 
lowing on recent accidents, it was said that 
military expediency had resulted in more 
admirals being lost in the air than at sea. 
This might be coincidence; but aircraft losses 
under military control could quite easily be 
compared statistically with peace-time losses 
in Imperial Airways or British Airways on 
similar flights. 
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In the post-war period they faced a greater 
risk than either political or military expedi- 
ency—the risk that financial considerations 
should be allowed to come before safety 
first. A hastily organised aircraft operating 
concern, pulled together during the. war, 
was found to have a high accident rate. 
Immediately its well-qualified directors, long 
accustomed to aircraft operation, became 
aware of this, they instituted an investigation 
which resulted in a greatly increased expendi- 
ture on inspection and the supervision of 
maintenance work. The board changed, the 
new directors possessing little or no aircraft 
experience; approximately £50,000 a year 
might have been saved by getting rid of 
several senior supervising engineers, a highly 
qualified chief inspector, and a number of 
other maintenance men; and the result was 
a reversion to a higher accident rate which 
in the end cost ‘the State more than the 
money saved. 

No debate, whatever its results, will stave 
off the operation of airlines by other utilities; 
but a discussion such as this may at least 
draw attention to the extreme shortage of 
qualified controlling personnel for commer- 
cial air transport companies; and full con- 
sideration of the difficulties of operating this 
new type of transport may possibly result 
in a lower accident rate for those airlines 
operated by shipping companies or the rail- 
ways. 

It is not necessary for any of them to wait 
until statistics show that a higher proportion 
of passengers than pilots are being killed 
before guarding against this very danger. It 
is possible to prophesy whether or not an 
airline will be safe merely from an examina- 
tion of the proportion of total cost expended 
on maintenance. If that proportion falls 
below a certain minimum, a minimum quite 
easily determined from past operation costs, 
the accident rate will rise. 

Even the Royal Air Force, controlled by 
‘pilots rather than business men, has not 
always been above reproach in its engineer- 
ing organisation. Immediately after the last 
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war the proportion of maintenance men was 
drastically reduced, and it was not until a 
remarkable series of accidents drew attention 
to the low standard of maintenance that an 
inspection organisation was built up which 


must literally have saved thousands of lives, | 
But the service showed exactly the same | 


disinclination to take advantage of com- 
mercial practice and aircraft engineering 
organisation that one might expect from 


organisations such as railways and shipping | 
companies, who may have become hide. | 


bound by old-fashioned belief. 


For some years it will hardly be worth | 


while making any money. 

But within five or ten years, financial 
considerations will presumably again take 
their rightful place; and expert advice and 
assistance will then be required by com- 
panies without previous experience of aircraft 
operation. One of the serious features of 
this proposal that these older forms of trans- 
port should take over control of the air is 
the suggestion that they could.do so without 
any alteration in their boards of directors. 
This is indeed false economy and would 
undoubtedly prove disastrous. 

Looking on the bright side, however, let 
them suppose that the new organisation is 
willing to learn from the experience of the 
independent airline operators. If so, there 
will be no tendency to save money on those 
parts of the organisation which are not seen 
by passengers. Safety first must be the 
policy; and the inspection and maintenance 
personnel must not fall, in proportionate 
cost, in quality and in quantity, below those 
of the independent airlines. 

Ships and railways run very closely to 
their schedules; passengers by airlines con- 
trolled by the people who make and keep 
those schedules may find themselves travel- 
ling by aircraft which always leave prompt 
to time, but at the cost of a higher accident 
rate; this risk must be foreseen and guarded 
against. 

In addition to a reasonably proportionate 
expenditure on inspection and maintenance, 
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any aircraft concern without previous opera- 
ting experience should ensure that there is 
a sufficient expenditure on equipment and 
on the training of all types of pilots and 
engineers, 

They were already faced with the prospect 
that airlines would certainly be run, perhaps 
on the grand scale, by surface transport 
companies. To sum these rambling remarks, 
the accident rate might be reduced to a 
figure comparable with that attained by the 
older companies merely by consideration of 
the following suggestions : — 


i. The aircraft side must not be starved of 
capital merely because more money is 
made on operating ground transport. 

ii. The proportion of directors on the joint 
board should at least be in proportion 
to the capital allocation; indeed, in view 
of the greater difficulties likely to be 
experienced with air transport, the new 
organisation should have more than its 
exact share on the board. 


iii. The allocation of capital and operating 
costs to engineering, maintenance and 
inspection should not fall below the 
proportion found right by older com- 
panies. 

iv. The chief engineer on the airline side 
should be responsible to the board; in 
no circumstances should he be respon- 
sible to a traffic superintendent, a chief 
pilot or, worst of all, a chief engineer 
who has been concerned all his life only 
with the operation of surface transport. 


Satisfactory operation of an airline will 
depend upon communications of a standard 
tather above those applicable to surface 
transport. 


Mr. GanparR Dower (Allied Airways 
(Gandar Dower) Ltd.): Although he had 
been asked to oppose the motion, he was 
speaking in favour of it by reason of a state- 
ment he had written in The Times recently. 

Being thus forced to support the motion 
that shipping and railways should take a 


part in civil aviation, he added that certainly 
they should not take a part which consti- 
tuted anything approaching a monopoly. 

Examining their claims, he said that in 
the field of international operation it would 
appear that shipping companies could estab- 
lish a more natural claim than could the 
railways. He suggested that, provided an 
airline had not been established on a route, 
a shipping company which had operated 
regular passenger or freight services between 
two points should be considered for air 
operation on that route provided no other 
airline company could offer a better service. 

If shipping companies felt aggrieved that 
air development had got in front of them, 
it should be remembered that they had 
displayed little or no interest during the 
years 1933-38, when they could have 
developed routes before that marvellous 
thing called the ‘‘ chosen instrument ’’ was 
born. Their lack of interest was evidenced 
by the fact that there was no mention of 
them in the Cadman report. However, he 
excluded from that criticism Messrs. S. 
Instone & Co., and paid tribute to the late 
Sir Samuel Instone as a true pioneer. 

As an example of lack of interest on the 
part of the shipping and railway companies, 
Mr. Gandar Dower recalled that when the 
Scandinavian route was opened, between 
Newcastle, Stavanger and Oslo, and a five- 
years’ concession obtained, the shipping 
companies were approached, but none had 
seemed interested. The attitude of the L. 
& N.E. Railway Company was the same. 
He could not see that the railway companies 
had as strong a case to operate internation- 
ally as had the shipping companies, except 
on routes where, before the outbreak of war, 
they could claim to have had large interests 
in shipping companies. 

Would the railway companies come into 
civil aviation nowadays with completely 
clean hands? It should be remembered that 
between 1933 and 1938 they had held back 
the development of civil aviation by denying 
independent companies facilities to sell air 
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travel tickets at recognised travel agencies, 
under the threat of withdrawing the rail 
ticket sales. Mr. Farey Jones had asked 
that that should be forgotten; but one found 
that to be a little difficult. Why should those 
independent companies have been unable to 
sell their tickets in the recognised fashion? 
They were already handicapped by lack of 
aerodromes and meteorological facilities, and 
by poor wireless; one could refer to many 
ghosts of forgotten airlines. The difficulty 
was not removed until 1938, and it was 
removed because Parliamentary pressure 
was brought to bear on the railway com- 
panies, which had then to appear before the 
air transport licensing authorities in order 
to get their own licences. They had then 
recanted. 

Why did the railway companies always 
slow up the development of other forms of 
transport? He was told, for instance, that 
if they had not purchased the canals there 
would have been greater development. 
Again, why were the bookings for road 
transport services made at small shops in 
side streets? Because of the ban. 

He urged that the pre-war independent 
companies had the right to resume, and that 
the railways and shipping companies must 
go to the licensing authorities, internationally 
and nationally, to stake their claims. 


Group-Captain S. A. DisMorE: Speaking 
from an experience of a quarter of a century 
in air transport, he said he would welcome 
anybody who could help to develop it. Air 
transport would become the biggest thing in 
the world and it could not afford to lose 
anybody. If he should have any association 
with any air transport concern after the war, 
he would welcome with both hands those 
with experience of railways and shipping; he 
would hire them, just as they were suggest- 
ing in some quarters that they should take 
in people having experience in the air. 

But he opposed the motion before the 
meeting because there was more in it than 
that. Having worked very hard in air 
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transport, he had determined that during 
his few remaining years in it he would never 
again be at the mercy of the people who 
controlled the finance. Air transport could 
hire shipping people and railwaymen, and 
they could work together as a united team. 


But it would be fundamentally wrong for 


any one business or industry or branch of 
transport 
branch of transport. 


to attempt to control another | 
They could work | 


together as a happy partnership, integrate | 


their traffic, make booking arrangements, 
and so on. But air transport must never be 
under the control of any other system of 


transport or under the contro] of financiers. — 
Twenty-one years ago the very much | 


maligned ‘‘ chosen instrument ’’—Imperial 
Airways—had asked the investing public for 
£500,000, and it was subscribed very quickly 
by the clergymen’s widows, retired Army 
officers and others who usually invested in 
small amounts. They had come forward 
because they had had faith and_ believed 
that British Empire air communications 
would do good in the world. With the 
exception of his old friend, Sir Samuel 
Instone, he did not think any shipping com- 
pany had subscribed a penny piece, unless 
they had done so through nominees. Even 
so, there were no large individual amounts. 
Again, when Sir Alan Cobham was trying to 
get an opposition show going on the route 
to the Cape, he had gone to them cap-in- 
hand. A shipping baron had given him a 
good lunch and then, bending down from 
his 6-ft. 7-in. of height, had said ‘‘ My dear 
boy, you will never carry our mail in your 
aeroplanes.” 

Leave air transport to the air people; they 
had faith in it, they had given their lives to 
it, and they would welcome all the help that 
could be obtained from railwaymen, steam- 
ship men and road transport operators. But 
do not attempt to control it through those 
concerned with other interests. 


Mr. THEopoRE INsTONE: He supported 
the motion whole-heartedly; indeed, he sug- 
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gested that it was not strong enough. He 
would have preferred it to have been worded 
to the effect that in the opinion of the meeting 
it was desirable that persons experienced in 
the transport services of shipping and rail- 
ways should by right take a prominent and 
active part in the development of civil avia- 
tion. The transport services of this country 
generally had been run so well by the trans- 
port people that he had no hesitation in 
urging that the shipping and railway com- 
panies should definitely be allowed, and 
indeed should have the right, to run air 
services in conjunction with their other 
services. 

Some speakers seemed to think that the 
railway and shipping companies had no right 
to interfere or to dare to want to run air 
transport. But in fact the railway companies 
had run air services for some years. He was 
a shipping man and he had had the privilege 
of being a pioneer, with Sir Frederick 
Handley-Page, in running British air ser- 
vices. 

There were two, three, four or five very 
important committees in this country which 
had been considering and taking evidence 


on what should be done with air transport; 
he had the honour of being a member of 
the committee comprising the Associated 
Chambers of Commerce, the London Cham- 
ber of Commerce and the Federation of 
British Industries, of which committee the 
chairman was Sir Oliver Simmonds, M.P. 
Those various committees had taken ex- 
haustive evidence and had come to the 
irresistible conclusion that not only should 
those interests which had been running air 
services prior to the war be allowed to 
continue, but also that the railway com- 
panies and the shipping companies should 
be allowed and should have a right to run 
air services in conjunction with their present 
general transport services. 

Many of the speakers against the resolu- 
tion had really supported monopolies in this 
country, or had wished to support monopo- 
lies, but had not the pluck to say so. The 
country did not want monopolies or com- 
bines or cartels; the public were against 
them; they were not good for the country. 
They wanted healthy competition by those 
best fitted by experience to run air transport 
services. 
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Radio for Aeroplanes. 
A.F.R.AeS. 
Co., 1944. 


D. Hay Surgeomer, 
Longmans, Green and 
3s. 6d. net. 


The advance of radio in the last five years 
has been tremendous and secret. There is 
little doubt that when all the information 
is released of the progress which has been 
made that the ordinary man will be 
astonished and, when the results of this pro- 
gress can be adopted for his every day use, 
gratified beyond measure. 

There is opening out a new industry, a 
new field of endeavour, for many. This 
little book, the fifth in the Air Training 
series, is a simple explanation of the funda- 
mental principles of transmission and recep- 
tion. It calls for no previous knowledge of 
electricity... 

The author has written a number of these 
elementary introductions and is well qualified 
to do so. The first two chapters deal with 
the fundamental properties of electricity and 
magnetism, and the next two with alternat- 
ing currents. Chapter V is concerned with 
the Electromagnetic waves, the necessary 
introduction to the remaining six chapters on 
transmission, reception and use of electro- 
magnetic waves. Mr. Surgeomer has almost 
succeeded in getting a quart of radio infor- 
mation into a pint pot. He has certainly 
packed more information about electricity 
in these 120 pages than is to be found in 
books of considerably larger size, and has 
done his packing with a skill which makes 
the book readable and worth while to the 


many who are now looking forward to radio 
as a career, either in aviation or in any other 
sphere. 


A Bibliography of Aviation Medicine Supple- 
ment. P. M. Hoff, E. C. Hoff and 
J. F. Fulton. Committee of Aviation 
Medicine, Division of Medical Sciences, 
National Research Council, Washing- 
ton, D.C., 1944. $2.50. 


The astonishing growth of aviation in all 
its branches during the war period is 
emphasised by the necessity of publishing 
this Supplement to the Bibliography of 
Aviation Medicine which was first published 
two years ago. Over a thousand entries a 
year have been added, the Supplement con- 
taining 2,214 new entries, carrying the total 
number of references to Aviation Medicine to 
close on 8,000. 

The divisions and sub-divisions naturally 
follow those of the main Bibliography and it 
is a tribute to the original volume to note 
those headings which have the statement 
beneath them, ‘‘ No new entries,’’ indicating 
how thoroughly the original survey was 
made. 

For all those concerned with the behaviour 
of the human element in aviation the Biblio- 
graphy and its Supplement are invaluable 
sources of reference, classified both by author 
and subject. They are, indeed, model biblio- 
graphical productions, and one hopes that 
the example set will be followed in time in 
every branch of aviation. 
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Putney Vale, London, S.W.15 


Langley, Slough, Bucks. 

Crown Steel and Wire Mills, Bessemer 
Road, Sheffield, 9 

Mowbray House, Norfolk Street, London, 
W.C.2 

155 Church Lane, 
Birmingham, 20 

606 High Road, Leyton, London E.10 


Handsworth Road, 


Oldbury, Birmingham 
Rugby 


Zylo Works, Marine View, Brighton, 7 
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ADVERTISERS 


Gladstone 8000 
Kingston 1044 
Slough 23861 
Leicester 61228 
Stratford-on-Avon 
3265 

Southall 2321 
Redditch 743 
Slough 20409 
Slough 21201 
Coventry 88671 
(3 lines) 
Luton 2076 
Swinton 2511 


Hainault 2601 


Broadwell 136} 
(3 lines) 
Caernarvon 580 
(4 lines) 


Victoria 4444 


Chiswick 1539 
Chiswick 3323 
Slough 23212 


Letchworth 888 


Croydon 2201 
(4 lines) 
Cheltenham 53254 


Thornton Heath 
3868 
Halfway 1661 


Putney 2671 
(4 lines) 


Langley 262-3 
Attercliffe 
41144-5-6-7-8 
Temple Bar 
7187-8 
Northern 2116-7 


Leytonstone 
5022-3 
Broadwell 1152 
Rugby 2076 
(2 lines) 
Brighton 7025 
(5 lines) 
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Heath 
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DIRECTORY 


MacROME 

MaGNESIUM CASTINGS 

anpD Propucts 
MarsTON EXCELSIOR LIMITED 


MessIER AIRCRAFT EQUIPMENT 
LIMITED 

MeraLASTIK LIMITED 

Mies AIRCRAFT LIMITED 

Henry MILLER & COMPANY 


MoLLART ENGINEERING COMPANY 
Lip. 

Tae MonD NICKEL COMPANY 
Lr. 

MoNOCHROME LIMITED 

MorRISONS ENGINEERING L1D. 


D. NAPIER & SON LIMITED 


NitRALLOY LIMITED 


THE PALMER TYRE 
PaRNALL AIRCRAFT LIMITED 


PercIVAL AIRCRAFT LIMITED 
Peto & RADFORD 

PHILIDAS LIMITED 

PHorosTAT LIMITED 


Sr Isaac PITMAN & SONS 
LIMITED 

PRESSED STEEL Co. Lip. 
Pye LIMITED 


RANSOMES, 
Lrp. 

REYNOLDS TuBE Co. Lip. 

RF.D. Company Ltp. 

A.V. & COMPANY LIMITED 

RoLts-Royce Lrtp. 

5. GRAHAME Ross Lip. 

Rorax Lrp. 

Roto. Lim1rep 

L.A. RumBoLtp & Co. 


Sims & JEFFERIES 


SunGAMO WESTON LTD. 
SSUNDERS-RoE Ltp. 

Serck Rapiators LIMITED 

SHORT BROTHERS (ROCHESTER & 
_Beprorp) Lrp. 

‘IMMONDS AEROCESSORIES LTD. 


Simms Motor Units 


OF 


Alcester, Warwickshire 

89 Buckingham Avenue, Trading Estate, 
Slough 

Wolverhampton 


49-59 Armley Road, Leeds, 12 
Liverpool Road, Warrington 


Evington Valley Road, Leicester 

Reading, Berkshire 

Skyhi Works, Standard Road, Park 
Royal, London, N.W.10 

Kingston By-Pass, Surbiton, Surrey 

Grosvenor House, Park Lane, London, 
W.1 

Studley Road, Redditch, Worcs. 

Purley Way, Croydon 


Acton, London, W.3 


47 Bank Street, Sheffield, 1 


Herga House, Vincent Square, London, 

8 South Street, 
W.1 

Luton Airport, Luton, Beds. 

Chequers Lane, Dagenham, Essex 

The Aerodrome, Reading, Berkshire 

Adelaide House, King William Street, 
London, E.C.4 

Parker Street, Kingsway, London, W.C.2 


Park Lane, London, 


Cowley, Oxford 
Radio Works, Cambridge 


Orwell Works, Ipswich 


Hay Hall Works, Tyseley, Birmingham 

Stoke Road, Guildford, Surrey 

Newton Heath, Manchester 

Derby 

Bath Road, Slough, Bucks. 

Willesden Junction, London, N.W.10 

Cheltenham Road, Gloucester 

Kingsgate Place, Kilburn, 
N.W.6 


London, 


Great Cambridge Road, Enfield, Middle- 
sex 

49 Parliament 
London, S.W.1 

Warwick Road, Birmingham, 11 

Rochester, Kent 


Street, Westminster, 


Great West Road, Brentford, London 


Oak Lane. East Finchley, London, N.2 
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ADVERTISERS 


Alcester 191-2-3 
Slough 20207 


Wolverhampion 
21481 

Armley 38081-5 
Warrington 2244 


Leicester 25196 
Reading 60811 
Willesden 1302-3-4 


Elmbridge 
3352-3-4 (3 lines) 
Grosvenor 4131 


Studley 121-2 
Croydon 0191 


Shepherds Bush 
1220 
Sheffield 25907 


Victoria 8323 
(6 lines) 
Grosvenor “771-2 


Luton 2960 
Rainham 34 
Wargrave 218 
Mansion House 
8226 

Holborn 9791 
(4 lines) 

Oxford 77701 
Cambridge 3434 


Ipswich 2201 


Acocks Green 1607 
Guildford 3232 
Failsworth 2020 
Derby 2424 
Burnham 686-8 
Willesden 2480 
Gloucester 4431 
Maida Vale 
7366-7-8 


Enfield 3434 and 
1242 
Whitehall 


Victoria 0531 = 


Ealing 2212 
(18 lines) 
Finchley 2262 


144 
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323 
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62-3 
7-8 
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ne 
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16 
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DIRECTOR Y 


SMITHS AIRCRAFT INSTRUMENTS 
Lrp. 
THE SPERRY GYROSCOPE Co. LTD. 


M. E. Stace & Co. Lrp. 

STANDARD TELEPHONES & CABLES 
Lrtp. 

TAYLORCRAFT AEROPLANES 
(ENGLAND) Lrp. 

THE TECHNOLOGICAL INSTITUTE 
OF GREAT BRITAIN 


TITANINE LIMITED 


TusBes LIMITED 
ERNEST TURNER GROUP 


ERNEST TURNER (LONDON) 
Ltp. 

ERNEST TURNER (WEAVING) 
Lrp. 


ERNEST TURNER ELECTRICAL 
INSTRUMENTS 
Cuas. DouLp & Son LtpD. 


TURNER MANUFACTURING Co. LTD. 


THE UNITED STEEL COMPANIES 


LIMITED 


VICKERS-ARMSTRONGS LIMITED 
(AIRCRAFT SECTION) 


VoKEs Lrtp. 


WaDKIN LTD. 


WaRWICK AVIATION 
Lrp. 

WESTLAND AIRCRAFT LIMITED 

Cuas. WEsToN & Co. LTD. 

A. C. WicKMAN LIMITED 

HENRY WIGGIN & CoMPANY 


COMPANY 


WILKINSON RUBBER’ LINATEX 
Lip. 

WILLIAMSON MANUFACTURING Co. 
Lip. 


WORCESTER WINDSHIELDS AND 
CASEMENTS LTD. 


YORKSHIRE ENGINEERING 
PLIES LTD. 

THE YORKSHIRE PATENT STEAM 
Wacon Co. 


Sup- 


OF 


Cricklewood Works, London, N.W.3 
Great West Road, Brentford, Middlesex 
14 Portland Street, Cheltenham 


New Southgate, London, N.11 


Britannia Works, Thurmaston, Leicester 


39 Temple Bar House, Fleet Street, 
London, E.C.4 


Colindale, London, N.W.9 


Rocky Lane, Aston, Birmingham, 6 
Northdown House, Northdown Street, 
King’s Cross, London, N.1 


Wulfruna Works, Moorfield Road, Wol- 
verhampton 


17 Westbourne Road, Sheffield, 10 


Vickers House, Broadway, Westminster, 
London, S.W.1 

Weybridge Works, Weybridge, Surrey 

Putney, S.W.15 


Green Lane Works, Leicester 


Warwick 


Yeovil 

Torrington Avenue, Coventry 
Tile Hill, Coventry 

Wiggin Street, Birmingham 
Frimley Road, Camberley, Surrey 


Litchfield Gardens, 
London, N.W.10 
Barbourne, Worcester 


Willesden Green, 


Bronze Foundries, Upper Wortley Road, 
Leeds, 12 
Hunslet, Leeds, 10 
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ADVERTISERS 


Gladstone 3333 


Ealing 6771 
(10 lines) 
Cheltenham 
52021-2 
Enterprise 1234 


Syston 86106-8 


Central 5940 


Colindale 8123 
(6 lines) 

Aston Cross 3030 
Terminus 6674-5+4 


Wolverhampton 
24456 (5 lines) 


Sheffield 60081 
(7 lines) 


Abbey 7777 


Byfleet 240-243 


Leicester 

27114 (4 lines) 
28021 (3 lines) 
Warwick 693 


Yeovil 1100 
Tilehill 66291-2 
Tile Hill 66271 
Edgbaston 2245 
Camberley 1595 


Willesden 
0073-0075 
Worcester 3326 
(3 lines) 


Leeds 38234 and 
38291 

Leeds 76551 

(2 lines) 
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1 


world-wide use of ‘‘AVO”’ 
Electrical Testing Instrumentsis striking 
testimony to their outstanding versatility 
precision and reliability. In every sphere 
of electrical test work, on active service 


and in industry, they are maintaining 


OSCILLATOR 


VALVE TESTER 
the ‘‘AVO”’ reputation for dependable 
accuracy, which is often used as a 
Orders can now only be accepted 


which bear a Government Contract 
Number and Priority Rating. 


standard by which other instruments 


are judged. 


THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.,LTD, 
wi 


WEN BER HOUSE - DOUGLAS STREET = TELEPHONE VICTORIA 3494 7 
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In today’s operational aircraft no component carries higher 
responsibility for efficiency than electric cables. 

Many types of cable — low tension, high tension and radio fre- 
quency—are required in modern installations and utmost reliability 
is the keynote of manufacture. 

We make every type of cable needed for the electrical 
equipment of aircraft. 


CALLENDER’S CABLE & CONSTRUCTION CO. LTD., HAMILTON HOUSE, VICTORIA EMBANKMENT, LONDON, E.C.4 
' All over the World 
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Power Unit of the World's most 
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OF WAR AND PEACE 


¥IDUMINIUM 
APPLICATIONS LTD | 


@ Slough - Bucks 


As fighting aircraft depend on HIDUMINIUM aluminium 
alloys (to the extent of 75% by weight) so our peacetime 
road transport will need the weight-reducing sturdiness of 
Hiduminium. Coaches, buses, lorries, tankers, call for this basic 
transition to light alloys for greater engine efficiency, lower 
maintenance, beauty and road economy. Designers and con- 
structors can ensure that the outstanding qualities of 
Hiduminium are fully utilised by timely enquiry and 
collaboration with Hiduminium Applications Ltd. Further 
information will be sent on request. 


Printed by the Lewes Press (Wightman & Co., Ltd.), Friars Walk, Lewes, England, and Published 
Aeronautical Society, 4, Hamilton Place, Iondon, W.1, England. 
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